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pier; pier utility galleries; pier lighting; Navy surface
combatants

Preliminary designs are presented for utility galleries to be
located below the top deck of new Navy surface combatant piers.
The recommended concepts for both pile supported and floatinq
piers are similar. Both concepts have openings for ship-to-
shore utility line egress which are essentially continuous
alonq the entire length of the structure. This continuous
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access is a distinct advantage since it allows utility stations
to be developed for new ship classes in the future without
regard to pier opening constraints.

The recommended concepts utilize air-powered, fixed reels
on the lower deck to both store and/or pay-out the electrical
cables. This unique feature requires positioning of ship
alongside the pier to match the electrical station, which
can be easily accomplished by properly locating the mooring
fittings along the pier.

An evaluation of numerous types of pier deck lighting
systems was made, and it was concluded that light standards
of moderate height supporting multiple-fixture arrays could
be located on a pier with minimal interference with other
activities. The recommended system achieves a minimum lighting
level of 0.5 footcandles and can concentrate as much as
5.0 footcandles on high-tempo areas.
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I. BERTHING PIER UTILITY GALLERY

(SUBTASK NO. 1)

This subtask required the development of conceptual designs for a util-
ity gallery to be located on the lower deck of a two-level berthing

pier structure. The design incorporates a plan for fulfilling the
identified electrical and mechanical service requirements of the

gallery. The concepts developed are forward-looking to accommodate the

needs of ships projected for the fleet. They use new methods and pro-

vide for simplified future modifications.

1.0 CRITERIA

The basic criteria to be used for the study were provided by the

Naval Civil Engineering Laboratory (NCEL) in the form of a Statement

of Work and from further clarification during the Preliminary
Conference held at NCEL (see Appendix C). In addition, NCEL provided
considerable guidance material, much of which is listed in the
Bib I iography.

The ships to be considered in the study are given in Table 1-1.

TABLE I-1

DESIGN SHIPS

TYPE CLASS

Destrover Tender AD-41

Guided Missile Cruiser CG-47

(;uided Missile Cruiser (Nuclear)* CGN-38*

)es t royer DD-963
Fast Frigate FF- 1052

(;uided Missile Fast Frigate FFG-7

* Data for tte CGN-38 was not available for this study.

Especially important considerations to the study include:

o All ships, except the Destroyer Tender (AD-41), should be

able to occupy a typical berth. The tender will occupy a
berth dedicated to it.

I-1



" Nest ing is to be accommodated. Concept plans should pro-
vide full services for one nested ship at each berth
while more than one may be provided with reduced services!
pressures,, etc., through spare connections.

" A typical pier should be 75 to 100 feet wide and 1,200
feet long, providing four 600-foot-long berths.

o For des ign purposes, a pier should accommodate a maximum
of eight ships (four at berth and four nested).

" The Lipper deck elevat ion of both the fixed, open-pile
plat form pier (hereinafter cal led ''pile-supported pier")
and the floating pier (at low waiter condit ion,., should
fie Elevat ion +201 feet MIM1 or M~I.(. datuIm.

" Cl imatic crondi tions should het s imi lar to those of thet
continental IUni ted States.

The k IOrat iOn of ea'Ch utility serv icc p)oint On thet design ships
was establIished utsing the "Siip Requirements Diata aind Pier Dli i g
Criteria'' docuiment prepared bv NCEI.. Table A-I, in Appendix A,
sum~marizes, these ut il itv servikte points4. It identifies the locrit ion
aind 01 ovat ion otf eajch service for oarih des igo ship frht tror

and port si d-. Th is, wais used tO de to rino t ho lea ocat ion of each
I- rV ireO fo r the (its i go 1 gretiip o f sI i p) e x,-l 0(1 i 11 ' the ( D\l-~ 4 1 h Cih is-

to iMVe A d~dd hated ber-th) . dh do toe rrnillt ion of1 'It mo.an ra o
of a so cvi ce po init rea I is! t ira l I %v i no I 11od C1Al loWanret that th 1o sh1 i 1)
rOn Id ht e meer Od 'i t~ltor how in o r bow o ut, titti on1 c i tir si do of- the.

!) cr. I t Wa s found I( tit t tc 1 oral ion o I : 0t r v i co pont to r TIL11;C~Iit

moo r in reCn d i t ion fo r carlh lit I i t v was aipp rex i :211i , I vho! saC when
tot ( is tor 1 C Wa S i; icas i red I rent aIr i , I i it 1 I Oracl i i o TI . HI t. Pitet I IoO d

Jotcerm in i g the moan 10 rat ion fit-st 101t1n(d tilt' moIan di.1stIC I- ~ rem
1d.lt ij p5 to tilt' oUir poin t.- rca tod on tile f~oiwrd port qt:.dtan t

And thte ;at t Siarhoard q ttadrtutu t of a I 1 of I tesps.iltoitel tie titell

(list anreL of t1e se'LrVire J)int s wi i rt'r ler',ttcd onl tiet forward

st arboa rd quadrant aind tile a ft portq ((tod rant wals dote rmi nt-t. H

mean dist :toces of I te so rv ic rOilljts f01 'i1 i-at tt 1itV 11;ad 1 mA SM1I
range of 'ranefrom Io individual distances for the scparate,
ve. se Ils. Therefore, it wotuld oni v he necessa*ry to put two se rvicre

1)o h it , onl a p i or * e a ch a n equaIl, d i st ainrcek f rom thei po itnit onl the p)ietr
whore the i dsltips- of thle moored siip wotuld bIlal ;iigood. li i woulId
ArCOtt'MOdate alt shi Ips whotie r hertitod how in or bow ot. le ;YiOs

Sit1 ip 1)-eCrv ie CUIrcatL i ons aro- sit1ewln in1 Iab I A- I itt1 AJpendi X A . T1It
dtermined mean locat ions, are shown in Taible 1-2.

TablIc 1-2 is based on (Ii-;t autos f rom ai midtsi p1 l~t ion ( ra't1V v
thtant from tilt, fo rwa rd pe rpeIud i ci i .Ir asi- i s shIo w n in Iftlte N(i 1l. ri- it cer-i ;

to umeti t ) . 'lit is arcommoda ;iL(s th manl rie1Cr in wit i tb si l 1), ar moo re Itd

witeiti nes t ed, whit i-I i s tsse ntL i all v rn dsit ip to m idsiti vps becr u, ft
tte 1Ctr ess a rv mool r ing a r ran getis

1-2



TABLE 1-2
MEAN LOCATION OF SERVICES

MEAN LOCATION - BOTH FORE AND AFT

SERVICE OF MIDSHIPS (FEET)

Elect rical 25
Ste am 62

Potable Water 52

Saltwater 72

Sewage 73
01.ly Waste 41
Compressed Air 65

Fuel 111-5 90

FulC DPM 101

lhtC 11Can1 locations of s ervicc points aboard the design ships
wereC u1sd to eStAIbI iSh he 10eat ions- of elect rical and mechanic il

services prlOVided 01n the ber1th jug pier. rhis requires the ship
to moor11 With i t-; mli dSh i p 1 oction adljacent to the midpoint of the

berti ingl p t-r. Iirmav be eas:ily accorrpr ished by proper location
of tire mooring fittings along thre berthitng pier's deck.

lutert erce- of mooringo lines, With uit ili tv,, outIlet 10eat ions

on) the Shrip or with 11oSe Siroul1 1I nt occur an1' 1or freque1nt1I -

when th, sip is mroored at the midpoint of the berth tha-n when
it i->; io ~rcd at alny, other l ocat ion ailong the pier. The locrt ions

tr~ i: ;etr % ceto on the p) ic r best meet the( Loeat ions onl the sh ip1.
i h. re qi i red I .a t e ns- fo0r mo o r ig fijt tin11gS a IILong the LI pieLr May" be0
ac o i i s I I. k! 1)vd i ) iing ; .r recommendeITI l d moo 1r rung a an I or ea chI

11li O!l ip11), :id pos it ion i g moo r inig f it t ings alIong the p)iecr t o

prope-rly, .ree;,modrite all of the des;ign clalss-es

i t, ,1al c rL o cnce1pts decvelIope)td has, i c a II c omp r i -ed a p)a ss age -

way below the' main deck toi accotrmodate mechanical and electri cal

service lintes and orItltct-i, and to provi de at'ceS for veictl es for

tihe maintenam.t' of thlose Utilii es . Development of tire gal I t'rV

concepjts ceuttL'red arournd tire aceommodat ion of the utt lit v ton-
f i grat ion reqruireme'nts within tire galle I cr. Tb is sect ion pres;ents,

a de-sc r ipt ion of the conce'pt s. The CILee tr i ii and mech1anic ill

srviearc d i s c sse cd i n mo reL det ailI i n th eir re sp e ct i ye sc ct i ons.



2. 1 OV'ERV IEW APPROACH AND MtETHODOL.OGY

Tht.e numerous documents made available by NCEL and other
documcnts from indust rv (some listed in the Bib]liography) provided
the basec of' information I-or this stiid\. To gain first-hand under-
stland ing of the probl ems and issues, the U. S. Naval Stat ion in San
Dieg'O WAS Visi ted 11nd a1 meeLt lug was hield with their Public Works,
OffI cc ( see Appenld iX C). Telephone cc nve rsait ionls Were conducted
with nmerouns cniinccr ing. publiic works. aind operat iona 1l personne-l
at Naval ,;tat ions in Cha,'rIs't on, So uth Carol ina and Ncwport , Rhode

iiii %-*an i t 1) en,,,in er- in l i p rsonnc I at the Na va il Fcc i I i t i (-,
Ci ine ri j Ciri-.ani (NAVFAC.) Southern Divis ,icn Off ice. Th ies e

I iiicthlV conversat ions iieLigtdtile oper,! tonal a)nd mnaintenaince
apc ( t ,4 of the various mechanical, idect'rical and I stn \'S,,ti'ii

inl USe at theL fa'i I it Lt5 while focus.-ing Onl the related problem,.s
encountered and the solut ions whiich had bee,,n aittemptedl. (Other
cont acts made are re ft renced t hrough'1oLut th~is report.

It hi came apparcent that th lIctrical1 cable handl ing
and s;toraige procedutres were the major utilit v servicu problems,
c'On! rolt i ng the stations contacted. TlC elctrneal calble hanld Iin-.
andlc ste race, Methods of each Naval station were li f ferenlt. 'Illev
11ad t cid cii ad albanldoned other methods be fore devi sinz' A ;SsteM

wh ich seemed to aiccompi ish the, task for the'm With aI minlifil mmOf

iiict :cicncv tor thekir --,pec-i f ic i n ;tala I it ioni).

TheC app ro ich to th, lievoe elo pment of thei gnllcry coflcipt5-

was t ' lid i s o I tt ioni for tile tlictri cal cahli. e handi in_ iLikl
S t , rac p kII rob) I urns . Il I 1 -en a sc ('11LI I wi f I COli I I IkIf feeCt i e Iv a, Ccommo-

daite thi. rm, ciliili cal I ines coulid be COnIcLiVeil, perilapilaIong a ,
Si i I r I i 11 11 (nd a gall c Ieryv c oncep1)t coi i I d Le v0vo I Wi i eio Wili I
SeL-rv\Ie theI f ilne itt iot1n; I r t -(Ii ii recnn1ts o;0f ho 0t I I Se -r v icesk.-.

Anr i InnI1oV; It ly V 'Mean 1S or ha in d I iin an iiid S to 0 r i Ci tt r i calI
calblIi was- conceived. Tlic reqiii rment, for the, mchIanicail service-,
we ri' Ie f in nei. 11hen an e ff ec t ive co n f i gi ra t ioni iic or the 1 pe rimns

fori thli e tffi citent opirat ion i1nt.l ma tenanllce cl IL he clian iicall
r vi es,; wa's evt, I slid. hebat ions' Of the sekrVice conne1C-

t Ioj ii en an th i r s pa ict ret q ti i cemuien ts wcre d. ievi 1, ped ( . Cs i ng thles e
dL'loped01 spaice reqiii riinents, Ia I Ierv0 cnf I lrat ioens we re then

cone. i ved to accomlmodaite these req tii reMenI ts. Thie conceptual i za-
t ion process, is iocnmentedI ill Appendix B I)N sketches' antid a

rnr ra t i ve.

2 .2 FEICiR ICAl CABLE SOLUT IONS CONS IDERED)

l'r-ent electrnical cable haindl ing me'thlods at di fferent
NavalIsatin appear to range from leaving the cable oin deck in
a raither haphazard manner, to flaking it oin pal lets which are
removed to covered storage. S-,ome stat ions ha;ve, tried to use

1-4



rce' I s andi have ibandontld ti -11K-tIaSt thI10e L It-rL' n10ut IlvL' It'd t I r
(10 ) 10VninI-1Ll I0 t 1-nt0i rriv lu t theo cablet,, and hcaumse t lit- wt r' not

ii'rma-lltI L'Ittt IV I li t ill.t lii d1 It VL p 10 i ill theI 1 prup st J SL I-un 1 it-pt S , t I eL

Inithut LIS I iTe'O It 1l1v (11 kflk 1i-0 (nIS itji ru Lia d i t i una[M I:i-t Lit I wII11 -v re

L'VI Ia cII.enis i d rat jun Was pi Vt' Ti ti) I k i lit - til K , A It c n beth

t -Il' IJIt-r alld I u.er decks , t I ak i n , i t en1 vil I I' t a nd I'ul tint i Il

pa l lets un;O Whie"'Is. MI cIIAi 11 ( Va de i ces I IT i Ii rI-d-( inllC I 1itle;!
)-ImI Vev Is, F IIlu0F. Ii I.', 1)lu'C k il t ack 1 es, , i tl irivbi I t-, racks

St . k i n, Ia cult; ideII rt-d 1) 1 1 it, I ck , on t lw ie l Ilp Fi 'I I k ill

r t-k s 'I t Fi I V ivs he I uOW dIc k anld it1 1 ih:mr, -rCei t ilbi .L- Ilc-

tI I r I theIy i 1 0 i I Ie It~ an .i r I i I I t Id , I t n I' I I t 1.1, I-h.-e

i t i I c i- t I'AI!i 'a1-il) and1 ''h I in'' It l- I I] :Ia itlit .I

III , ilt a, i Il I tuditl I \e ii 1Kb' ,j,, I 'I F i ' i i t) 1 L t 111

I ldi~~ I ~ ~ W C 1- i VI 'Tt ii IA IAn i -ont i t I ih I t-d ate1 ; n ii

t r I I t I Ia- e 111 .: drt -i c II. , I it' I s T -, i i V-I - i t, i r,

I t I- -iTt A i li C 1 ha1) h1 tiT 1 b 1 v: t il .1t 1 11 i ;,I

k r 1 1!1 VI IS T I - IW Ii- Vt VSt dii ii T ItV

i t it t A i) i 0 '- 1 , 1Iii t I'l 1I C i i h.t -

It V ii" Cit

K . i i- iIl d aIl ' i ' Ht i I A"-

I, %k iri Ii t Fii IT- I I ik rT t1 11 iKi

d~ tk

ri I I rc i li , ti'~ i i cd tK r-ai I i-s p - vi t n 1 1 in t i lI1:

,,~~~~~~ ~ ~ ~ I I I ]'-s - tII1 ) ll 1. 1 ' II) .Ik 4 i " ir



2. 3 MECHAN ICAL. P IPI NG SOLUT IONS CONS IDERE!)

A p r im tI OnI s i de.rat ion i n t Iet gal I I ry COn f i glirat ion diveL I Oil-
mInI~t waIS tIIhe VZ e'l nt ion o f VU rt i ca IVCers is liorizontil orientalt ion ofI
the MCCe,1hi C,1 piping runlS inl tIe gal1 I t~r\. A ve rt i l a fr ran gcriun t
* ite r h)iltc--s th a c ccess t o the, I lett r i (a I reCIS or to t Ie( reillli i MI'r
or'F the' lowiLr deck ariat aIS Shown ont Skit (,it I . TI I is i s desc r it),d tlo r,

ti I Iv in Ap pen d i x B .

A l oio zont alI a rranmclnt. is cons ide red bes t for i n.-t al I II
tit'n, 11a, il Lt en('11C and1( Mod if ira Ci (ln0) T rt ion.- , and prov i des f rcte

aIt'teSS to hot 1h theL e IOCt r- i Cal1 -et' Is an d to thlt rt-mi inl i ng, lowe r dik
ai rca l. All t tough ti is a rranigtcmotL reqiii Ires anl inc'rezi-ed 1pi er depth
w ith in the galI Ilerv , the hori zontalI ori ent at ion iS onpi)r ior t o ai
ven t icalI one' in thazt it provides the aces s to thu elect ricoh rotels
to t 1- tit' i Ir nt'm n1va I . TEI IL' I- Co0mINTIdeI(IL d toI te p 1 t s k s t' a hoII r i z k1n z ilI
arrangeme~tl

2.4 iECI I PhT ION OFi GAI.LERY CONCEI'FS

I Ie ~ L ),I Ic L' Outs('I it S f0 to - h~o 1 11 t ' p) i lI-s Hiypo r t ed )i p L, r

:1i,1 1 0 1 t Ilt' 1'jIL i llj, p1it' tnt' il is d tipo)01 lw at I-iu1g t e 1 'tk'Itct ri calI
staIt 1,1115 at tilt "1 t'tr ~I- IIt ib I, 'rtIl . [IIi ! ,( i i'qliii 1o hr~ i p, 1 r Po

.idct'q . c' Ilimlb'r - i :ihi I- - I t I 1 1'( t 'a i *11011 t ! tilt j) i C' I-

lol tt 1ILL'tj- it ii C'

p005~~ LbI~t I ti tlal I ag L' I t is15i o o I'ti i t o
k p, 'iiii'i t 'i\'v't1-- t op" tiiI I lost-at t I ailong1t t pir. IiL

I c iit i Itt vet ti t I ti t1) t I tIl CeO Ic I nt i o t r p tr i k, tr .

1ti 1l ib t' A- in t phlt'li i t s po II tt' o lit' ha i t 111 ' tI

:1 1 it'L LiW no t ta I1' t C r I't '

d ,tlit' tIt , hi s I t L~ I p' 1\' ) i r t I ll 'I tIi'i tiu n '11 1 r-, it. t i t l l

P t' e Io ovt mi 1it i, ak t d lt,,i i r !t'l l re iii It'm It o o I t pipe 1

I- it' ( I den ;: i f i It di tit' rt'lt I t 1in l i it in -et io 3.2) and b

0Chc i0pa i (ottia I Ili C( 1 t It tl Safe t Uv 1d inC lo' 't ral Ot ion 3.2 SIIA) t'levrn

Oc tpa ina lcilth in Sif t A wi itr~t o W HA 1-a atc



SKETCH 1

VERTICAL VERSUS HORIZONTAL PIPING ORIENTATION
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requirements. The recommended section, shown on Drawing 2, depicts
the minimum allowable vertical clearance of 7 feet-6 inches to the
bottom of the upper deck and the minimum allowable clearance of
6 feet-8 inches to the bottom of a projecting beam. It shows the
pipeway width of 11 feet-6 inches. These dimensions are based on
minimum acceptable OSIA clearance requirements (29 CFR 1910.37i)
and are not intended to dictate structural dimensions. It may be
.seetn that the recommended 5-1/2 tG 6-foot-diameter reel can be
adIquatelV aCcoImodIted. Tihe roadway section is I I feet wide and
provide.'S 10 I-eet-2 inches verticall V which is adequate for the
ne'ded service vehicles. Removal of the reels will be bV use of
the provided overhead crane rails and chain hoists to simple carts
dcs ign d to accommodate the reeis.

The pipewav is 3 feet-6 inches deep. Together
with the OSIIA vertical clearance requirements, this establishes a
min0 imum total interior vertical dimension in the gallery of 11
fet . This may result in a rather low elevation for the lower
dick it the uppcr dick elevation is to be maintained at Elevation
±20 feet. In certain geographical areas having rather high normal
dailv t ides (see Table A-2 in Appendix A), a restriction of the
permiss i blI' desi or construction options to accommodate the
higher tides durino, thte cons truction of the pil-s, ppor ted pier
concept may result. Ii ther thi- interior gal lery dimensions or the
upper deck elievation may require adjustment to meet the restric-
Lions caused by Li, combination of struoctural eI emen t sizes and
hithvr normal t ides.

For examplc, usin', the upper and towi r deck thick-
nes ses shown in the concepts (i.e., a one-foot-thick slab in hoth
cases, pl us I tin-inch dropped beam in the upper deck) , the bottom
of th' lower slab is at Elevation +7.0 feet. If an al Lowanc' Icr
AI pile cap of two feet is made, thL bottom of that i ap is the~n at
F leva t ion +5.(0 fect. If fal. sework requires an additional ont and

On,'-half feet of depth, the hottom cvation of it bicomes Eieva-
tion +3.5 feet, which is quiti low for some locations with high
dailv tides. Thi is might require that pile driving, tormwork con-
struction and concrete placement be a ccompl ished during favorable
tide periods.

to avoid some of these const raints in such arias,
an alternate concept was developed for the pile-supported pier
which raises all of tire above elevations by one foot. This is
shown in the pili-supportid pier alternate concept on I)rawirrgs f)
through 10. 'i'hc reduction of th inside dimension by one foot is
accompl ished bY eliminating, the lateral piping runs to serve tihe
mechanical stations located along tie outboard wall and by estab-
lishing the station manifolds directly above tei feeding service
line in tile pipeway (see Drawing 7). This reduces the vertical
dimension of the pipeway from 3 feet-6 inches in tile base concept

1-8
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shown onl Drawing 2, to 2 feet-6 inches in the alto mate, concept
shown onl Drawing 7. Aside From this chA~nge and the change in the
1oLa t inS Of 0he me'Chan ical man ifolds , the recommended and alIter-

na"te, conIcepts are the same.

AllI of the Cievat ionIs di setissed above arc- based
Onl tie' aISSUMtIm st rtic t nrai element d imens ions Used in the e xampl1e.
The actuLI ci evat ions of the lower members ca-.n oni v be determined
during the( deLs ign of a spec ific, pier proj ect sinCe the finial struc-
tLiral clement Sizes miay be a fft-cted by SLICII variables as pil~e bent
spac'ing, dck load i n, seismic- loading, fende r and bol lards load-

ng , the strmt nra 1 f rami ng methods sel ec ted , and the basccO i ,c
Of precast Versn;s cast-in-place c-onstruction. V'ariat ions in the

gal lerv dimensions and elevat ions of a pile-supported pier miay be
no vi table.

The elevat ions of all bottom members may, of
course be ltered by raising the elevat ion of the u~pper doetk

abVe Fva io0 t2 fe. D ra w in gs I th11roulg h 5 d ep ict te Ile-
su~pporte'd p icr; Drawings 6 through 10 depict the pi le-stipportedI

p)ieur alI teri te0.

2.4.2 F lo~jn _IIiY

The gal I elC -v sct i On -1cci t fo0r t 11 flIoa t i ut ,p pie r
i s s iila'Ir t o the con(ep to r t he p) i IcU-sUpporI-t 'd p)ier-. Ite

rCcommentLetl Se'ct ion is shown onl Drawing 12.

In1 doe 101 tp gte' p) i peLwav' aIrea, it wais f oknd t ha t
ti V. 11 1- I eot SjioI,,7; ! tonda r-d 35- tonl boll a; rtls I onealt etl onl the(
Iowr dlc> P) tese are repo rteLd IV f or "'onl1y a feLw AlD moo r ingI I i nics

IflO te Ia b I rds areL provided f or tILe ge~neral proeUSC

o r orir in TI,-Ir io ti, vesse Is.- tha't the( p icr has, not beenI dtS i gned for,
Suc as IlIA',s!'Ia I Crl-'tf t an)d ba 1rge s' The.se, bol lards' on the lower deck,

ith th : u base requii cements , presen ted ai formi dabl e obst ac le

t o 1)r,, i -1in: a goIod sol lit ion for a meinia ipwv.Sin"Ce the
AL) canl adelftiatLV lvMoor bV using- the higher lvlfit t ing ,s wi tit
Whih f iiit eqt (ji pptd to se-cure I ines tO the Ma in dLck , bol lards onl
the( lower Icitk seeml tuncessa ry for the AD. In add it ion, the small
c raft and( b1_ ' a gsw!i ii rli p1t use, ie( p i e r may* best be served by
ti eats raithLlr than1 by tite 35-ton boll ards shown1.

In order to aIc'li(iVL' a good soltion for the mecHanni-

Cal p pwvthe lower dec'(k fit tings art, Shown aIS cleats loca'ted on a
l ow wa I I (witk iicool d he St rut ted baci(k to the eeOlumn at tilt CI eat
beat ioiis,) raithter tihan as F5-ton bol lards mounted on the dec(k as--
shown in the- '. YV. ILin report. 'fhii change a' 11lows the lisc' of a SmaIll
base timension fitting with a reduced capacity whiich can be mounted
at the walkway grat)ing level as shown on D~rawing 12. It frees tile

area previously bloc-ked by, the bol lards for tise as a pipewa\.

1-9



Ft, pilIe-supported and f loat ing pier concepts are
s imiIa r. [heru is rather generous hecadroom available inl the f-loat-
ing pier concept. D~rawi ngs I [ through 1) depict this concept. The
potent ial1 problems associated w ith the pile-supported pier concepts
dut e to LtidalI const raint d10 nlt , Of courjse', exiSt wi th thle flIoat injg
p ioer concept.

3.0) GALLERY SVFRViCES

I'(,- rxios OC t ionIs Of th is report di sc USsed the ele.ct ric Ci and
c1,lanical Sc reV' Ices pripheralIlv as,- requi red for an understanding

0I thel in ormaVl~t ionl p~re-sented. rillI isL Sect ion moreC 1-11lv disculsses
lic ci cc..r1i1c 1 .uic me lin ica justal1 1 t ions within thet gail I rv

3. 1 1 FC 113 CAL I' I1.1TY ,IKRV ICFES

ThiS 0('et ion~ deails withl the electrica-l tit I] itv services

plovi id' withill th I le:'11ccv, tIIL'l ir)ILL spae11d configurat ion requi re-
11lC[tts' , :1111d thet I'C OMt O MfIeit (l o ce t

Flt proposed eonct Ci* h~int I i ii'. aimd stor lug the
C t Cci I-i cal -ah Ic C L111 \1 Iv i ::Cd rCC I S 10 I ~C 11 in1 ilt iga:l I ('rx* Onileh

I OWe't de tI k , comiI cit I roeIC~ it n ' t h I ; 'l 1'1 c c k 0 e 'Ilect r'i CA I se rvice
compoil Ls

Ill tit deve 1I OpmILllt 'I titrsuenhdcocp

IlIllIIIlt ls reel ton I i ph iat ions Were-( ;viileillide tt-d illIiid lg,
ared iameltte r, narrowk ret IS, t-aci st or ill onIvl out or two caib 1es;

andi two cables, storeCd Si imu1t aneoulv by siLaplu oiim to-ge thr 7n

pai ral I I C1 to 0LTuSlMr0 I CeveL I W inId Oil the d rim to reduce liandi in mp re-
qgil remc[lt-t . Fhe iiarroW rcl conccti reC(tii red tiSdrb I om ill

tiltl al IcrV , tie rt swere awIkwa rtl I h.ipd tor econond(%i cal ab r i -

tat i 01 , And t lls IIrab Ick mie ClIaI Zl 5 Sill 1-(11 i rtcd . st rapping t wo
cabll ItCS tt1) ge t Ie r pro) t- iedd s i mp I1 ifledI rt] ii lug nd iuree Inlg, but
1)r C tn ted ( t he I'db Ic I~ ron), benldilug inl ')uek p1,ant0. At tach lung Sa 1i~ 1
11 i lrh si rtng ,th w i re ropes al I cunp, w i t O t WO p0WL r CabMl- L' o take the
ten:s i I t 10oal imi- dsturilug rel01 ill' upInd un rce'Ii up was, aISo cous ,idtoeed.
IllOWcwt0'r , the tensl- i Ic CSt renp1'tli of1 the p)ower tab It oi tsic f wa Is f oulnd
to0 be Su1 'ff1i cint fto r t let aint iici pa 1teLd usa ge s o no addt i t ilna I

StL rt -nspti mc 1mbt r was requ Ui red t oi carry-I\ t lie, loa],"

11 . I . I INCLeMtI1 d(2t dd Reel C Oneep~jt . Thle IrCt'ttmm10kt'ld

0Icnt it ree 'Is With Ifianpt- di amttt rs oft fiVe feeCt to si an ,11d
i-aI t fee Lt , ai Irmwitls of f [we to w' I e~t , Wi tl i adrium

litie r of t hrce antI ont-hl I ifet - (. l Cab ,- It iart, oito iill( and nwotiut
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one at a t inie, each secured to the end] of the previouIsly wound
cable with a short lanyard. Between five and ten cables will be
stored Onl one, rot I in th is manner.

The Va Iidi iV of us-ing reels for this
ptirp(ose was conf irmed th rough diSCuIss ions held with manufact urers
of tie- sp(cifie'd ahi'(TypeL THOtF-5t)(), three conductor, 500 mcm
stranded copper) as, well as with mann fact ure rs of rueel s. The1 us t
coM C erSat ionls con f i riled the cvi ab iIi it %' o f t he -onlcep1)t o f powe r-
ree I i t Ithe cale c. Al though reels suLi tableC for the intended
inlstalI Lit iolt are' 10t COMmer-icial 1\ avail11al, thi r design aInd
inmnut ct ure. wou! d use ava i lab It compone-nts and technology;. (iv
theC assemI) lV is uLi i (I tie , nok)t i t SCO Mpit]Cn1t S

Gc iteraIl requiti rLmIt Ls f or the1 retL I S wen'
dA\: lcIo pe.d as a rtst- uI t of1 thi kse. di SCus LISions . A d rum d illnitt c r o I
tit n(-, and Out. -h1a I f t co t is' reLCOmn11I~Udd, which disotld resuilt ini no
S i gui Iican rt cable stres s in thet r-on 0meudt'd app 111 i caIt ionl. Such
re0C IS Can1 hold ',ip to ten tabl I L-s each ,re 'L I Ol in an edt-n
f ashi ion . The cabile . w ii I p )rohab lv be ''random'' wind ra the'r thanl
'leVel'' wi nd . Tii1' ret' I !I A llagt's w i 1 1) b f ice ( or s ix Iloot in1 d i amP.-

e te2r %, i th a d rukm w j dtlIt f s; i mi I ar 5i Z Space. rs l ocated in ap-
proximate lv two- 1oo itervals I one th litd rum w ii I a ;]it in the(
banlld 1 i ng Oft ttb 0 Cab I L duir in Ir.l -oult an"d reL t rii oValI optra t itns .
Each (I re I Wil be di i Ion by11)\ anl ai i I- TeteI-r i I re) tl' aI ci I ut c'b d r icv,
an IId V i I I req(li i rc a b) rak i M', svst eCMiN- WC' I I as I rt't-Willee I ilug' alid

rove'k rs.' i tie' Capab'I i i i ti L'S . !.Iit re 1 w i I I ro t ,i t t, abIouti a s i ugi 1,
dt-s4idled to01 tconlrli(;it t st .It i I Ilk]d tvllItl c~ , r'- I orecs i~ st'-d

tlil 0011 llt al I I alod1' of thc rctOc ion Il, Itc lwa t jl. 'per dir ivil h

Inch b ia kjt OiK 0 t beL 1ic W cill b I tIIl l~l ittk_-'d tillno ugh thW slha tt
BeaiC ~ bt' OVaI d tI : AllO 101 or reduced 11.a intltt'ank'e'

Ro I I er - t v b 1 ek go lit's w i I I ass. is!,t ill reLt riCiig operI-At loits.

Ie roe '(- I asson;ib 1 1 itL-1 w i I I be lIo caIt ed i it
a (1:1!111) cvi rultitent linthIle lit i i iV galI rv. Wen s pee i f i ca t i ons-
t o i the lilt)b I lo a rkt' Iprl'. re-d ,or o ils colts i derat it sou d lbe
g iconl tile the mater i aI IsL and coa t iig to be usei,-d f or the' assCmb I i -s
fit pai t i cuir r, i f di i us im! 1 ;I r melta Is arc- ompI oveti , tIt evi r rc I a t i c
pos it j olts itn the g!,ilIva cattle tri i t, .I, should itt' cons ide red . I t is

po,-; 1 lb c t lit when thec I i eve] L C conom1ies, ()iF tit'e roe I s a re
colts, i don!, rcd.o .t' e maiv prove- to be (2COML'et i t i V e . I f thet suppliort

f ramt'wo rk and thet( mtoerI gear tliVy TIfl(ihaIliSll and hearinugs are
all Isteel , cons i dtratil sihoiil di bte givon to rota iing she!~c as,

Lilt- material for tihe reel' s. I f ti is is tlitt, low alo vy , Iti igh
Lt rt'n gt I1 S ttie I s o r wea the( r- iug s teelI s sho t I d b e cons i de rted . l,%I cit

Il ~e a I o r s t inda rd grades,- o f steel are used, a good coat iug
s v s t emI w it!I I goot ialt r-. is i ()It rt',s st an ce siioi, i b eMi Ve(Ot

i. I . 1 .2 1ee - 1)te -rat ion-it. Thc 'mpioyment of a

V iXL'i or mohlt h, p)OWtred, articulated btoom is envisioned on Ott

I-I
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Inra i n leock It wi I 1 Lit i I iZL 011C oO pirato r and one ic I pert, and wi 1 1

fnn-t~j ioni inl SUCI ii mannti r as to rep I) aci t hI I CX i St i (Ig topIs i de p)i c r
c-'~ rows S as nd a i i hndI cb o 111 'Ih OWortd hooi wi I I

b) 0 CI II i 1) 1pi'd W i Lii cah Ii C an11d 1 i n Io hooks , ro I I tirs , sI i I ugs anId I( grti i d (Is

L o hanII Id I c on 11k Cab1 10 L';t a t Hill duli ng both t hio ticoI i ng and tn icl-
ing opcit ion.,;. It w' ii I I hIavc tilt calp~ih i I it v t o pas s tilt cind of
oMil Cab I0 at a t i 11iC to o)(r f ror ti 1L'cabh I k' riO I . A LWO-Manl C ro'W

W i ILII til at C tIlk' rLio I onl t lk' I Oi I- dcck to rLo Ii an d Inl rioL I Ionc L

cabI Ii aIt .It i mc . FlIk' C rc'W on) 1 iiili t~) Ic ,k W i I I pi'c Ito' O ho

boom itnd t i f t ac,'I cablI I ror Llit~ rcId t I tli sli L to L, sr vi cod(I
I1lIw t o-rrar crow on ti IILo0Wik r dtc w illIII ont ro, t hocab Ii t'1o'I

(ill- ti ll I 1 1, , - 0it C ; IIcab C roo I i ntg arid i n ro 1 I in . Iio. I SO 1 .

r!,Irkic tho corInII t ion) to tho p)1 ng- i n1 p),an1 I on i l ower dick. 1.

tI .II I Ik -, uI I t I ai ! iI l - S10tIoi I '! 1 no I ' onr ; oc Ir s; i k. tit cabh I I~ *. 11

t Tas i l ) Lo Fo- Ik0I Olil o r st or, i ini t I liVtI' 1' I IjiiilC" I rom t hait
iSO I In t Ii I r I ivm moot

HoL t in MC rr r-'1I Ld t o h iok Iij orI ilIi unok

sli ijhou s c I Ir t I Ic I d I It tiro ,dsii Il Lanf IItId I , iica I iS . XCI i -

;1n i X(il 'ilb Ii tIlinillj i ng 0i)01-rit ion O .in;111ill)i i t'. to1 1 it t bh Ii vr

t it, lii ) S I , i 1-) sli i pbit 1- 1 row's Irli I ii 11 ii, 11 1 i 1 ' 11 1 '-

illiI C i~k uIL1 mfliiilriiisir i rcqu rrrorrt s. 'i i i I a ck , i i liltc r ! rrc,

it,1 ' I Ii r ll t i t i " s di I, t Ic Ii it I d S 1, C 1 ' i

C t i i t V 11 tn ill I ilWoj d .lck (I si il i j I . i-rI ; ool J ra i ls
I~~~~~ ort il' .1 1d 1i C-il i- 'i'Iin is . I t Ii

INr ilrr cir IS t ~l~n r~in~ iti it i lo Ct ,Il .'iL'l i

I ill -11tIi i I iS i I a 1 - f p t ti IC t I II , it 1 1 t 1(' 1 L' t t-i '' A i t I c. Ill .I

12' 1 O pt, i Il 0 cal b Lat lli 11 1 roi l I " I a PI Ca iI it r

roircbIn w :in oX 1 5 1 ino Vikin pligs I i- .iniipmi I

I inIi" rstood t ra an in-I) i no I dIpt Ior ,1 , a Irr'.riilat i np tI hl cjrrnotit

of~ ltw hi k' i I" '1' tc is rIn iliol 111ItrrI ltI-0 air tdl ho uI o 1 2 tlIC

top t I :Ind t ho ta t i p tac i i o irrak1 ii m i c :rp rat' hod I t ca

co tct i ois to1 r il Ilih hook uip. Th1 is Wou ld s i rnp I i flv th ito k rai lip

o I nor- I killt r -,1! los wirn hiosat .~''l1' % Filb 10t I - 3 deirrioirs;t ratos

kIICa l Ia toil roko( I ci pac i t' v ;nil ri c I ssi-cnit) I v WL'i i'_' I as a , tIll Ct i on

o its szo .

.'l -i0 i t is C ioti' tha1t t hoL ri is

w i I t it i iz ro 'tnlorn w in a lit t Ita 'il OVi 1 "' w i 11(ii, an a1 1 low-
tn 0t rI l t I o ad .Id t I ii na pa it' TII ,I) i- i t ovr (III il b fkr "'tllIi(IOTrl'

(IL mui i~ . In ai dd i t ion ill ii tI c titt In inal t otrs ;I t0

X pi'Li ( ti Li Iii WOl (in 11 Liii' 1-i 1 ;11 iiI a d i t i onIAI 1 10 al 1 Iw li



T-ABLE 1-3

R-EEL. CAPAC TI E.S- AND) WE 1GHT-S

BASED ON 3. 5-LOoT- DIAMETE'*[R D)RUMS) *

RAGFPE~LLCAPAL ITI ES CABLE AND REEL ASS EMBLY 'WE I IIII'S
E)LfANF: RI F:. W IDnul FoTA!'% L ST I M ABlE WE tAII CABLE AND) REEL,

IN FEEEA I DABALI N N ON" WE' I IIF I1Ni'10IN :I: l' A P C I CAl'A( I FY-

5 80)1 64 1 2. 460 1.

5188! M05 .70 .6

6 961 769 2.9-5 1.9

hl, 1041 8313 3. 19 .3

5 1 1 31 905 1.,47 0.

5121

6 1 35 7 1086 4. 16

1 1470 1 176 4.51) 60

51492 1 19 4 7,.~

512 1641 1313 0.( 3 .

6179 1 1-4 13 5.49

61. 19( 1 ;52 (4. .

-)1885 1 8 .78 I

512) 207i3 1659 6. 1) 8. 5

6 2262 18101 6.9 i).

621450 190 7.51 10.()

R-colnncented 11%' (37rli I i rt & C-'Iit, I Conip-fl\ - >L t ie tulrt r. of ROME: lrodtu- t s.

2 lF.st in]Iitt1 1/ 1gr C,1));eit v is hoIsed onl tot i rl e i ( 10 ((1) 1 ns 1( to

;low for raindomn wind, and lecss 10 to ;I loW for e~hetern,iiors4 (totAl
tlitoret 1 ei I eapieit v - 20) est imated des il,,n eip.e it v'

CI. ' , w i V,11t i s htlscd oln tw he 4 mati ITA ( d est i e n cap,), i t v 01 I e t 1 1 u1.s in11

eih tt we i C1 t il pouind").

4(Cab6 md.11 ret 'I Wt i ph t is balsed oilab1 we i ght pi s 1 3 of t lie /1 Ic We ight
As an iiI W;1net for the we i ghIt of thet reel asthI eh1ewe! gjlt + 13 o!

C.1le we ighti eaihi e nd retU 1'SCH aerhI we i ut)



i-s Maide. [hiS ;11lcm.ance- should be field verifiled, especially if
anil in- I inc, adapter is ut ilIized, 11 lowing theC use of Viking termi -
nit Ors at echW1 end of the Csibles . The ''Estimated Design iCapaci1tv''
on labIc I -3, therefore, p rovi des for a 20. reduct ion in capacity,
for theSt. allowanCe2s. For eXale~l, if ten cables of 125-foot

legh dre required, 1,250 feet or storage caipaCit\' is needed
plus 20' for the allowanlces, or 1,500 feet total. This COUld he
acc'Omlll~ ated onl a reel six feet in diameter and five and one-half
feet wide (1,641-foot total capacity or 1,313-foot design capac-

t Y') . It Cooldi also be stored on two reels each cont aining fi \'e
c"lcs or 75(0 feet . Thel reel li ame ter coutl d then be five feet
.-nd the Width fv fet(81-foot total capacity or 64 I-foot
deCSign Caipait') . The weights of these reels with cables (maxi-

mu cap cit e )14 wud be 6 .1 tons aind 3. 3 tons respecti yelv.

3. 1 . 1 .4 Service LOca,-t ions. As discussed in the
Citeriai Sect ion, Sect ion 1.0, the mean locat ionsL of each uit ilityv
-er\'1ce point were developed for the des i gn ships. T i s l oca ted (
tihe elcrclse-vice- p)Oilts approximate lv 25 feet to either side
of the ml csh ip point. TO ,l(icc omdito-, the conc1ept of fixed reeLls
for the- C-IoC-tlci C.il -ervii cS, the. midpoint M1 the berth was chosen
tor the reoI' ;cit ion. 'The spsic'c oc cup i d by tit rel's inl this
bea- t ion d -S not incfVcci ti thet lbeat ion of the mechanical
se rv:Icc's, so-, i sOWn on Dratwil ' -- I. 6 and II.

Ini so ko rcLline Withi mini mum OS HA re-qui re-
T-, it I S, theL pi Ie-s-uppo rted p icr 4;ihe rv concept (and Hte a Iternate
i1J-is " 1,oot-8 i nchi \'rt ic:i I ci is-us Oi ov ti,( C ri t i ng. 1-lt is-
Ihoul i sI i l Iow i recLi fsIng (I di a:jtc tt o f- i>: feet wiiI still pr-

d ci n -g 1 Sif [ ci cu 1 t Ia esrsinlce Io rt. Ik the tc I S' remloval . [lhe exact
fI ainge( d [inst'l i on t 11ilit w ii I Ihti- scd miriv he de.pe~ndent solmewhat uponl

titi di-- i~ 11 ' ft e hii*ii cssmh ic,-,s, Mince! vcrt i cal mnovemcent 01

the 1 to cL sir tic ' sn s ssm tIispport is nece -ssnv.
feit c II-;t- the g I I 1!-1-% ill tiel 11Ic it i ti, p icr concept (as, develoiped byv
F. Y . l ,i n) hsi1s mo )re, II C,-I(IoI- t *,i' C VC tlic grit ing! t han t e 1 piILe-

s tippo rtid pi cI-, largecr diaimseter I I singeS coul1d he ac cOTommdateLd for
tic losit inug pier once-pt thin1 !Or L'i thlA pi hi-ipre pier
con11Cep1)t. . liHre ar IL II-L'i 0pi) 1C-L' I iw i t si t i ns (Ili, tit i it ie ree (width

i n t h then con, cp t

[he' p rojoseilC coni(Clpt s port rziv thle US('
oif fouir reels. Mwo ne-scould contain 125-foot or longer lengths.
,ind t wo c ol i on kllt ;I i 1 50- t o 100 -fkot I c-ngtiS . : c-tI d t es t inT1g ma y
he neicitd to Ist sib I iSli e feckt iV ye longths ti bt useLk'd . 1Wi tl mode'st

cnesin reeI width, I a r gc- var i it ions inl capac it, are p sit)IL.

No cliff i nl tv is.- anti ci pited in acc-ommodat ing -inv- reas.,-onable, cable
l en gth reqiireme nt withI the recommende'd ree 1 concepts

3. I . I . 5 ReelI Remo valI and Msi I i t e' 1nic-e . Tie removal

of the reels for cable replaicement or maintenance will require
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c'Crta in mix Ii i a rx fat' i t jes . Two short o ve'rhe'ad transverse rail s
are, p rov ided ovyer ea ch reL0 -is shw o rw p 2 , 7 and 1 2, one

over each end of thW reel. Two rermivab] e clhain hoists will he
used to l1ift the reel and move it over to the. v.'h icul ar at'C'essWav
A s, ile t- .'r t o r t ra ilIer, fashioned to aiccept tILe rkt'], W i I I-b
proper] v located in thle acet-'swav , and the ree 1 wi I I bi' I o)we, red(
onto it . 1he cairt and re-el wi 11I thenj be( hau11 i'd t iroug ,h the( tori -

dlor aind off the pier to a aeosn/m tteii ftI ilIit V

Ree mal i te c .1;11 eXp"cted to he n-
i requeJnt aind rminizal . Hih liiilarv wear r'isire ik'. to hI

thet po wit. r - ( r i ye t raini and h) rik i n v t tm I ' it I i irulid,1 t si I

t ion 1 0! titer I'1 i;IlI kndl pro t ett i v'e 'It i ns L'-r'sit hoiIh

Cill t r 01 Ib I C .

1I . 1 .6 Advintai:s lit liilmiiid Ret' I-.

01ne of thec prima rv advantages til uis ingi-i itu Ilit"t' e'
ti fI It' CWlower deLck is that the upper de, li w i I I tht is-i h cil ()I

tals*both when the cablIis ire in tinc ,iiit wiin liot i n list', ll
ISC Of powered roe Is, anti I lift ilugk CtIpiiplijklt W ill iii i I'.' t Ili
aIt t aCILil t Ant d(Ii sepc mi ('1 1 ffi (1t's c.11 to lIt i pi, anti (I ' ,i I I rit nt

moin.powe r roi ii remt'u t s. k. ke til tabc;I I t F II 'i-d i ai i 11111 :11 up I
s tAte and in tine I ocat ion onl t Ilekj i enr , tI ' -ti a 0 it tip)-d dik -

m( tnt t 'd I i f t m ng de'v itoe can eai I V L'p t~ Ii it I- jl.M!! 1 ilt 1', I ttle ill) It C

tILlt il, up 'I1 i np, an ; in( retI'L LI i n I, . INL-e I i'd Itab I i-I ik p1 rit t' t i-il tO a

tami is easy tid I rL' ~ ir (ICY' rt-I' 1I t-0 il'l to1-tretit71;1t

adds capS ilsdut rtl ao pir, r thi iji sltit 1. teril

S(It id c t i I k o c t t o ie 1 reb cr ,I'tit t i t ist r-I( .ll : ' lit tr'5 t5I

0 pc'rit tug , cos-ts- Sliil (I hi r-'dUCCLI'd bi'tiis rtC I S aire les la; bor

iIt ensl' i VC . Mal i 1nt ikau' etIisCCC0- t s to I t lie ret' I s, wi I I pairt i a I Ilv oif fsc t

tilt' redu11C t iol in i-perat i up gics t s ) t it lot s ubs t aimt ;iI I I %'

1 .. . 1 t f (1- 1ll -rV ' Il CI t''t'1tS Ii thliit ROtO I S..

t Ipe , til t - tet'o 1m1LA L'ld pa I I cry itilictiits t.Il 1 1't i Ill)i , ': -It'I t 'd w it I

ii r w it lit) tit t It(' list' o fi! l'i Is . liii k, iii1' ri 'li t I V C nip) I oiv't manua

mTILt htiiS ( i l I kI' llIinLI I illI. I p art' reaI i Ilv aIdalpt ib) 1i 1i on t1.t'- in ft' .

gal t kIry C 1'ti 1)t't1 . Sliit 0 a Ii t WO- ICVil 1) lii' hi t -1)C Ons i thLi-'rtd Itir

thait t it'k ap1) 1 ropIi' it t cptirt ills o I thcI' htiI- d Ct'k hi' dI's. ipui fi ' 0r

t-ir rent I %v in lis-t' till pits andi( ;ibtaini -,it illS is. wel I Its tab I islitd .A



recommended conf igurat ion wi thr S iZ and number of such units
arranged to match berthed ship panels' needs is presented on
Drawings 1, 6 and 11. The exact configuration will be deter-
mined for each specific pier when designed.

3. 1 . 3 1i-er TelIephone- Se-rvice

After an extenlsive review of the NCEL-supplied
l iterature Onl COmmuIL~iicat ion, signal and alarm s;ystemns, no defin-
it ive des ;i,,n parameters emerged. The StatemenIt Of Work specifies
I) line., pe-r berth. A cable space allocation has, therefore,

Ken-T depicted for these linies on (,allerv Sect ion Drawingls 2, 7
aind 12.

A. 1) .4 A4 1 -I- - I--------,-r-th. KcLulremeut s

A d1 'd leatedI berth onl each pier is propose1;d for
theI Ai1)4 1 1lest ro0ve r Fte-n der. Tb is Ship is unique in thaIt it is
eq ippckd W ith thle ree led cab 1( es n'c oss a rv to serve combatants
Allon, s ide it .It is ucsehwvr thait future speci i

p~ier JeCs- ig1s also pro-vide' ca 111 reel Li Ii it it.s ait this dedicated
berlth inl tile s:Ime 10(at ions' a1, (tiher combatant hertils, in order
tO soIrye bert bed si ip.,s ol OtilL r dos) iun at tihe tender berth, when
req (Ik i redC . F: ct r i -: I so rvL i 10 s hoI I LI a I so be 1 prov iced for the
tender at a 1oc at ioua roximael 2 10 feet from the center of
the berth . li s,, rx itc could be readilyv provided through a
caible t ray

3. 1. 5 Trns formeir- VaulIts

Naival berthling piers uISIlal v use a dual -power
train incorporat ini, two distribit ion transformers, rated at
ab out 5),250 kV-A eaich , plus, assLoc iated sw it ciigear and accessories,
wi thiin a sinlgle "au1lt. IDiri ug tile deLveoICpment of the ial ler%
co nec PIt.s , consi do ration was, given to separating thlt power trains
and plcigtheLm inl two individuial , small Ier vaul t.,. The pu-rposLe
was to free the a rca near the reels for access for reel remloval1

Mhe use of two separated vaults was not pursued
after a soelf-containmed iiandill, ug method for reel removal was
(lecVelI lp edl

Thle rc a re, 1IlOW(-ver o tlrer aspcts o f s ingl e-t ra in
vaul Its wh ic h may waIr r antL futItuIIre c on s Idcra.It ion . (ne is that the

s pace req u iremnit s of thte two --ma 1 1 r uiniits ma\' be mo~lre eas ily
accommodated Stl ructural Iv than a single, larger one. Another is
that the fab riioa ion and( const roe t ion costs, (if the s;Intiier unit.-
Couldl compare favorably with the larger, singvle x'all t . Funct ion-
al ly, the two uinits have an advantage inl f ire and f looding

hazards. Additionallyv, the possibil itY oif maintaining partial
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p)OW('r onl te p I b1 r is imip rove d . A IthI oughi add it ion.1l Ven t iI at ion
anVd a esredo i rement s Will resuIlt W it h two uinits , sprti
t h ,t tra ins mai\ beC wo rth i urthe r eval IuaI t iou.f

.2MECHA\NIC'AL ['TIIITY SERVICES

lb is sect ion dasWith the TIe'Chilni cal utili tV Ser-ViCeS

provi de'd w ithin tii til' a Crv, t Iic i r Sp1)o1rt and con f i gurat i'm re-
p1 i rt'mt',nW1 to t'C S rv' ie CL-V111 i fol d a rr11'e t s l , nd tihe I-c comi-n dt'd

111Ii ga'l I Ir p'- Ii pt'WO1V t a ishJIcs c'rta in gal I Ietv,, d i ir:Rn-

oloal re.qui 1--Cemets". The sL'rvi cc' stat ion concept es;tabl ist I

in minuuht'r Of st'-ViV cc oijuts while maximizing their l ocat ion
Th ocpoprov ide fle cxibl e)1L xpans ion ca-pabihi it i

.2 . I Set-rv,,i ces. Provdecd

TheC MeCIa fl al il H[i it its provided W ith Iill tht' [It il itY\
A I I t, eY I-, idtult if I- it'd in tht be t Sat emn t Of We rk aInd inlu Ilde secrvict's

fOr hIotL, L koe I lilg- and I i ,ht 11' in~ (tuanck' as Shown ill 'bi 1 -11

j-Ai'bl-I 1-4

M-EIA-N t(.i S-I RV I(S

51 0 .o i 1) rv aIn d S at I.uri te S Itea Im 10 - i n c i-d( i Ime t t'r
601 ps- i PotabIl Water 8- inch-d iameTCte r

I ) p)si Sl taer Il0- in1Ch -d iaMe'tter
Flit. 1 I'M 8-inrch-i i 'Imett'r
'u11k I- 8- ncl Pd anet5

Comip rcsoc;,d A i r 0- inch-d IaMLtt'r
Sal cvSeae - ohd ae

S:hip 0 ((I v W s tet 6- inch -d iamctter
,i ar CoudeILnsa te Rtt1irii FC i-tIIrI-' -.- ;IMCtC

provisions onil v

3. 2. 2 ('a_ lerv- Con I' igii ra t i on In f I uienc es

lTe Li giiIt req ui redl mecian ical sev t' nd one

fLIit ore sev e onst i tut' space ceiqiii rLIment s imi 1 ar iii S-ize to
aI it i I i t -v t untie or p ipe rack re qu ired f or a f a ir I laI Ir Ve inldus.-
r il 11; plnt or a- me d ium- s i zed chem icalI processing plant . Since.

tlietS e Se -V i cs extend1( thle l eng thi of the pier on one aixi al cen t er-
I me mcin arc' on bo th s it's- o f th e p)i t'r, thec impac t upon gallI cry

I ayoult (cross sect ion) gt'ometrv i s s, i )guni f i cant . 1dea lv, I an '1
inintc'rrUpted Spa;Ce, approximatt'lv I1I feet-6 inches wide' andI
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3 t eetkt --6 in (i 's deep, will I h reqiiredl tor the L 1 pipe runil aIong
eaIch -sidt' 11 Ohe pier. The I I toot -6 inclh width toni d he ei ther
fio)r izon tal or VC rt ita I, hut i t i t is ve r t itclI, i ts obst ruc tion
to 1iatcrai IMOVemen01t oni the lower dckl musL.,t be cons ide red . (A
sI i tab I'> I-pa1c ing e ) thk.se large mains is. civen in Taibles A- 3 and
A-4 inl .\p1 'Ied iX A.) Spa 1 jog oft 1 the ma ins is bah~sed on(les dcign
enteir Ii for indtist r a~ I anldti 0L1 p1oes plants, to provi di At lecas,,t
the il in iim aULMoun of room[1 Ileis'.sarv f or mintlnc pa ilnt: 04
I toiekeli il'' 14 and rep1 1 lCeintt

Ill t11 lie ier rsss tilS shown,'1 on Itra i 2,
11U 12. t hL I t t- I tl til~ I'l ;11 1ow tor the iddlitijOll 11
(It Ul"e 1Idl'TI'ttsat I ill(. Smia I II i n-s imay he added an 1 brakets

i:po rto otln the S Ifoot -6 i nl ( al I I, provided ar is L-, r k, ed
a vo id hi ock itig rt ;11l iemetjit aind remo va Ia ccess ot ti'> I a ir,.er I

tilll.\:;H iiildrohit ;r rt-qired above lit iniust riAl -,rit iill

1,",r . [I i * na aliv tilh0 tOf1 I- i 7,0111t.I1 P pelt%:i 1 prk I i dL., ) i )0 1p ' r-
I t fi 11- 11 ittoill or th f ~it,1%ik 4 stat ions ist wl I as a t or it air ,I
0o 1 n r ViV!i 1101 illC .

ent i1 atI I ii to ' 11l I X -11 1ii .li pr. ie sa1171It It-, T1,IotLd - i t A VC t

pit ill t I i \i I it, 0 i It L t' M:IL i . 1 it L1)' iltilid I ' 11 l PI i S i

.Ii !'1k)Inp - t lil11t COiS 1 Lt' rit ioll W!htIC 1 a tWoLexevC1 )iO- i( I to Ii i t is is

(i i _i1c d t o :I c c ill), )(odit kvolt ii kI is W i tI I i 1iltri I'.I- HI 11- t iu 011 01 011

ot t t 1k'Ie lOlt I- ],,,k

.2 . 3 ic a

Al I so 0 y 1- V i ill' I l iic '-ls," i tlu 1 d i L v WaIs teL

ii tu h ildo01 t h cjpi or aIreCI I't tCC ti at thL le kitt 0i rd enid andl

tno t ilei ]d -eill . FlIow t o Ilily \. i I IsLt IL oll i , t Iit t to rt', rem011
t wo iinot ionm; in itth, p itin; sxs;t cm . [IILt' I illes 1 ire u t oII Z1 il-

siei ti~dL hte Ciill i Cd%'i tit sCCt itunal i Z in ol'0r iso) I It iluy v:i'sVO4

li) is a I I L0,-; r-iMp i r on, I' OXpItils it to( be C i p ;I ( 111 i s It eI Od Wi t-i ! i a1 1

01o Io oed svs-;t tm.

SeWage itil 011d I V s',i t.; IC are i't'ii11ntIenl t t o i)0

pniL-Slre' or 'fote' an raither thain Lrivi tv ill1 CItt ion 1 Iines"
tt 1 i I t !Sta;It luolls- . PlI is i il i ila;1ti' th resIC ;t I-i Cit l(ots o f heor i -
7, t11tl acces 1CC0SSW itlhi ill theC calclI trv W1i i Chi I nil 1% 1iv itLvIiI V ns :tjl t
i mpost. Sho rtL grivi t v I its , w i tl Il ite pit pC t 1)1PW1Vwould req t ii rtL
greaiteCr ve rb i iIcal lra11Lt'!; lie Co W tlit' g raIt inTiV, j t rea trkI Ig[, theI



r ,,de t II Iil I t I I It F ta I V i t Ii l ' 1111 Ll W tII i i tleqit'Ir(

1t'1 I lilrt ' t, r ilc t I ~ I cm I ottit Ij aI t ar I -- Cs (' Iitt wr ii n thu I1 CI I I

Wa1 1sii til L it 1t tt' I' aI iti ,h ill i I IS' Wa i It I tx i i I t f tit

V1111, 1I C'~llt& ii' I%, l t r ll oi'a ea a ct th an tar -uwIJ d;ITT at L

t C,17 \ i Itt Sh I I' I t ti)L 1l t L' 11c t'Itt S i th a lztlw)(usr)1 i t; 11 LI J 1 tlt )iI

W "I- 1 1t I't SI' I\ I I~S C Sut in t o v gciI ai) II i acti I c i ) It' i ' :115I IL

I ,I tkr, I co t ic i lt ps D i I ta i101 1 0 tVt' h i i- tiis rt '.1 1 l i l I 111'1

*il ,5V2W, &I, t IcS 11 CS ItI; t a ijk oll C iit'sL 0 h W I Wrt WO''i til Ia tI J) l l

it i Ik tlit' 1) ilCt, (L'-;ili ' i iir It I I( I t i lt fit t iI i Z is c av tv I )ll t

il,1-), i I t It ' I ' t 1 i s i I. t rti ,, I ii d t I ( i)t 5 tc 1) r't, *

it *1 i Ik l(,1j t'''Koj mi La' i It )rII tilt' I- p I !

r Ili u e kI-V C L' ti lt I t 0X I' i I AII d1 CL' t Ct ' I) I- I I '

I' IlIl t - )i Il jj ' I it I hI Ll' '. up it If I ' I '- t h ' I IIV

I p t. t' .1 Ji S : I i1- 11- b' I WLt. it L I iI I11fl,- lilt

v i f, ll kI :t 0 t 11 1 L C %I:A. I'I I I II V All 1114l

t I I ' t AI I (I



1.2.4 AItcrnat ( P ip wav _once., pt

For a Ir'i.; w1lt he ti c -rt i it d imensi ion of tic
-Vll I 1'\ 1)>; 111 mi IIi Ii I (I f 0r t id l ; iI 'ond it ionls, ;111 1] tt (Irnlit i o

vI t Clrv 'lO ipt w;I- ditVCIopd Ior tilt p iI - pporttd pier.
lhI i- d Isc l ill thlt CI1 l r 11'-% C n<l'pt - Sect ionl, SeCt ionl

. ) I: r t hi I onc, pt , th I it c 1 11 ) 1i Zolt 11 riiii II F i IT i-
It l '! t ,itnd t IIt II . h , . s t .It i I) 7, 11 m i 1if 11),t, .Ir I ] 0 1.1t L'd d ir ,t-l' t IV :11 V,',

Sli : i 1- . I'lh i I I ) w s L l i ti rt.Y t in m o Lt t I l, -I ;td h't ill st, L I t ,.,
t F t it I ' I;' I i t l It hni t t :t I.r VtL t- t 1 it ,ll(I i l i . lIlt

t lt ho i tL w ith in th I c .1 , .r I 1 h - r I I 1 I I I o1 Ilt, , I I,,i I I

H1 ' ' I I i I il t ! I t-' i Cl 1 ' I 1)- '7i d(' t F t ill' h iJ

r . tit im- ) I) o, ',t .d w it Iti i t ho ,,:l i- v o n th I l~ Iowe r dec'k,. P hc

I II I - jIlk - 1tF ;. I t IiiiI , il l I

W 1i., Ih i I ' : : i :11i .in i i - I I'.t I, .,In i .~ II- Lh I Ip

.T d u<,, :io h rn ,,it l t t d Ir thI(,i r f-,1, r i,'.t i on .

t ,'t t I'il I I.It i 0 11 I'll 1v, 1,, t I-iitl I t : -

, t * < I t I I i, r . I t i> p.,o , i 1) 1 , I, V~l t , k \. l 'I K I t 1 thIIis

1.,1i 1,n l : t o ,' t b I I 1 th I .I.L ' 11A i n ,1 i I I. - I ,',- .It 1- . 1t1 i-k d 1 , 0 t-

tt 011 t I2 1 11 -

II fi'Ij I' I 
I  

C( "I

Jti C'I! , I iT t , C I- I C I- i7;1L 1

,',,,in t . A I i s h l~ , J l, : "-,i ,' ' i t l , , ! -- ' V , ' . i c ,

ilt t1 i' ItI t ,t) (I)-V

t I ! '. i , %.,dII I , \ :- t r \ I oM r',

r l .it : > .I, , 1r t tl- r t It .L IIt,' t - t<I I I' C I- t )t , i.: ' i, , 2till ) Ib C
I I1 . 1-,> V,, i i1: 11.v, 1i ;h < ,) ,q p , I xt 1)t t c ]l, t ro -r

F'., I , A I+1 l ,.i t i m : I I I th I 1 -. I !4 rt 1.1-( 1 O T, in 11 l< .\-1 1 A I in1

I~it, I %o I, I< Iw r+ 1~w n t. 1, 6 l 1r1 I

lI IIA NI CA I, SIRV I' C : 1 I'.\ I o-N -1 CA F IO.N,'-

I t(.VA I I N I () I \' ND AFI-T OF:

I'V I1 E'I.R I'tt Il 1) o I1N I tI: 1 T)

i't I W, £ t t'r)
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h I e t ion 1 t the sec rvi CL stat i [s o1

the I we r dL'ck i s 0 atL's pt. trlLn' I opcr t i ng thLm if rot thc lppcr

i e,,-k .itL ivi ties, the rehv k.1 itillit ill, t posiret to h;"irds ;sswi-

atcd with pp tr deck acti\'l t Is. Als o, the .'S L'.irat ion of el e( -

t r i cal and ML'th ll i tl .I s orv i c a lIonTig tIle lower dcc k o, I- ti tI 1i rI-

illw 10 WS SeIVr'a l oper,ators; to kt'o ctirrel t Iv imikt tip lr d iscmn, c)t (' t

tlie ari'ou e . rv i L cs wi _h nLii iii jial cit rIr' iIt0e.

. 2 5 . 2 I- oW R,+ l i'Oil ti t t . ilt It i I it' reL' i ,iI -

i t: I i -t ill "Shi p Kt", Ij i lr Cn e ts l)a t a t nd Illr 1),. i ,II (rit r iI"

.i .Z* -te),di>; t toip It di lv o r Iiiilv I vera ,. I ri at.c4. It ,1 s i [illl tIIlt

thi pI I tow ' d I t ion wo., ld h) L' t Irt'' li t iisr a L .- "  r It a n d

tlk . i Il 01 t liet ' lIt I aIl s t ool tlI i s i t o a . t ie is l%

I ll it tiis w ere W il' i%';i1 :1) 1t e, tiL' it t rA I> k /t d . 1ii in " (] 1q .1

A I,.- " -<, -,)v i i,. a :it,-r:l ,ro. s., iou . rt, l 1,a -ed ipoi

' iilt din. ro t ie';i eteit s Ill tha, t ti, o ] is Lik 'I i'

I . r'l t a l Fplt t I iI. L i:n -it,' or a) a l -.lttrll teI]
1  o , I mits:.

.)ui t it, rqai I Il t t t l i i Se- l' ,1,i1-t ilk , I- hli't

po-- ibl ,lt-, lis hoet I lll' toll ' it .1 it tiIs oit I-k!

1 i wer '- sciCd to P,. fittlri tilt t, .i tk;,Ir pli,.ll rn di.

S i n , t t' t pt1 -'( l i r -t . a 1 11, ll t t i i , h o ,s e , , . i : r , ,t -: n m i t l v' t h e t S .i : 'C

.S .t. l,trl "h' ;:till h I 0 ,.- i -. .I .el\'t. S llt. ilqt, ' I i t . I> t he ;,li

tai'n !low inr.. ii tr :. ii. Kit l:ter:il i, .:i ., tit. ,r' -i :,
t~n ti ii I I1

i i I iii 1 l I i I i 1 ,s I I I .Y I a .-' i,:" l it in it- 'i-.

i I, .. t I ll i I I i I I I l'. I i 'I) I I t il, I t i ll ' 5. i -

1' , 1- rl vl. , ! I - 11" I 1, 1/ . -1 tL I 1 J I-'i r i X,, i ,~ 7~, i ' t' -- ', I '-

I )W ,'. l 1  il , I 0 t i! I i e 1, '1tI II 1, t i l r; :I Iit' I V s .'IM

t 'ii 1t I 1t. t r .1 t ll, i i l'(111 t 1 i'7 ' 1 ' I i Il i , tol

A"sh ' in', . l*i i t r d in it t r tl I . t, t. ,It " '' IT ll V D''l~ [ I c . '~ l / I . t - d')- , 1t 1.1 , i :.t I t 11 t' c I,

.\r I,., p n , r tl i.- I"4 i., l , 11,.t ; r, ! t, , ,, ,i [,.~I tI ,,t O n ,] l -v

d t prv iC, w it f, r i ''-i , , ,i l:l,7 I I l pt d' t, 1):t~

t.1-11iiph oI t- dli I IIl C, lr iI till j-,!,iIi, n

S ,'t itn . ), tervit' , r ti , I .lt I ,hi1  int ii. li. t I hip .it

th , , t i ,"ll ~il q l lV I ,I t p I1p 1.tl ' ,1- t2I A .1 It' .1 I
(ll~ 1.l 1 I w n; r , t .l'' l I~b t ), r l 1 -;l i 

<  
t, l Ih , , , , I I I I , l

r( I.r ' ! rl) V id ' .I t III( -t -,,I ,, III , I H r I ; ! , , 1 11 1, d i, t h . k' ~ ~
t [i1 w h t-rt. ili\ lt) l t ',lt, ' (,l oS m c, oind 1 | 't 1 Che



3.2. 5.3 Sta o tsrp os InI general, for
the mate r ial s of const ruct ion, no s igni Ii cant changes f rom pre sent
iili tis t rv s t anda rd(s a re an t i u i pa It ed o r re L'O M11111de d tfor t IIc en r
titntrec. h1owever , the usC- ofI we I de-s-,tee 1 man ifolIds, is recommended

t or Ios I S ta-t i ons, bhit does rep resen t a dcv i at ion f rom cUrrent
1)ractL i Ce f or so me se r vI,-cs. Welded-steel construct ion is commonlv

used for iWFh, .hi-5, steam and sometimes, compressed air services.

1 lOWev r ,thek lise o flIanged , cas,'t - i r-on fit t jusfo r wa ter, -reIa teLd
setrv ics su ch as, sal It WaIteLr , s a ni taIr v -,LWa ge, , oi I\v w as tc, i i re
waiter and potahibc Water is ailmost univcrsal dueL to their inhereLnt

10ons I li fe, 11ilo i c pa codeOs, American W ater W orks Assoc i at ion (AWWA)
-aide I inos" and oilier regu-l at ions, for water suipply, servi cUS. T]he

use'( 0 tWe I dedi-s tee CC1an1. i f o I ds is recommended for these set r vi Ces
bas-,e d uIpon ieIIL exc el let-n t rc o rd f r omi thIIe p)oet ro Ic urnI i nd usI . t r v 5s I'

of thems. Mien thet maui folds are hot-dip galvanized both inls ide
alnd outsiide after fab ri Cat ion, no prob lems, shioul d arise i f adtliiate

and st raittigicai I1Iv located siliai coupl ings ire added to thre mani -

folds, to prevent aiir pocket iug durn ng the dipping process.

The recommended concepts art shown on
l~rw ug 4and ), 9 and 101, and 1,4 and 1-1. The concepts locate

the mechan ical stat ions- relIat i Xe v (-lose together . They are

des i good, thieciort01C' ,S ascompaJc t IV as; posil 1 itoiacri fic insi
op'.r ih ii tv . HeL lengt'h 01 tile, stat ions is reduced by the use oft

fI ingel' (IIIauni foI (Is of We Idcd iab r i at ion usi ng l ate ia -s i z ted( p ip(
'1u1 t fit t in iS . Ios c0 Lonne11CCt in no1 0Z Zle S a re CSp1)a Ced as LOs e
t geir on th, leMan1 i fo I ds' (cons i dIL r i ng thle s izes andi types of
coup I crs i nvo I veil) aI- is con i s ten t with adequate cl earance for
makic tip of tile hoses, at tIle connect ion. In Most case"~, the useC
of tWelid-0o- leCts '; o r o tlie r coMImeC re Ci I , welded- tvpe nozzIl ouit let
rein foreclug paids ( ins!t cad ot We dd tees) is recommended to save

spajce. The sani toiry, se-wage stat ion is an exceptL ion to this
because 6-incir-d imcttr hose no'z los couldi not be plaiced mci
closecr togtethLi- than the( IA-inch dimens ion of aI standaird 8-inch-
(I imtr IM.L( -We I dod teeC f i tt inc A1 SUhlstan11t l al sa Vings in space i S
iler i\ved by the ilsi O1 WOl di' manifrold(s instead of convent ional
cas t - i -on f 1 ng1 f it t logis . The c Ihow coit rv, to the mauiftold
al1s o sae pc overLa' I d(-il tee( andI two weld caips and repre-

sents a hvilrolli( idatagver a tee entry, sinc approximate lv
four to fi vt times more lineL frict ion loss iS enc-ounltered thiroughl
aI tee as ti rom il a on- rad( is e I ildebw

hotab hec water s tat ions airc recommended

whiIclh incorporaite rellilt d p rtis rc principle bi;ick flow jire ve-ntcr.i-s
Wi th springL'-loade-d swin 'ig check anId b ICCd m clian isms , which do not

re(II i re ho r izont aI lusta Ilit ion. The hI cis shroil d be le-ft open'I
for tbservat ion. (Tin use of reduiced pre~ssujre prinCiple backf'low
preventers is iddrksssed in AWWA Secion C-5(i . )
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MlI C I tan SI r-Vi vS , si tb a,,t tamp rcss d

ii r , i-i 1 twa tt'r, poitab I e WaIter anitd CspecL Pu IIII'S t e In *i nco rpO ra t c'
the use, of depre-Suiriz ing hIleedl connect ioniflt eachl hlOSt n1ozzle
outs ide ot' the valve tO pr-Vertlt icc idenlt~ a IttCOiip il oi f itA

1)recss ti r i Z Ld hIost'L that is St if I connCtedl aIt tilk' shil phoard in
iionipre.ssid a ir s tat ion s inTC I tide'-L'L svral rickj i n." ;idlait ,,r., ws t 11

3 / 4-i 1nL'I I-dk i ;iie to r (liti ick d is-connekc t coutp!Ic1- 1r itt achelld wi th clii i ns.
to pre\'etit lo1ss. at Wate C nnt ion COr ho1 1 1 )1t 1)h tire vait ,r -itni
shi iphoard usaIge a rt on the lower dick. liecOIittion Ot Ia I i rt

ho10se to comhaMt a nearby v i re is- 1 proha 1) 1 v MO ' ' ate! "I V ad he iv

t1eck thanl ahOVe , hoiseVe r, .i pa ra I I , I s et o I I re-I ose st :1t i oinls

o ,ca t i tt t li k- i1ppetr (iL- tk I e! ,, I CO t I( I -;I I it p ) 1 rev i deLd i I 1

sired. SOv;ig t' tat ion IreC0 1i eii pjied W i tl a1 11/2'-- i1cIllt-dI i 11L, ttelr

no0ZzleIk t o Wit icl a-1 saI Itwter os toi k-d-III1 OIII( he it tAIlci f or the.

aIppi icatL ionl Of sall titer ma; in p11)t-LSS I I V, shI10old ( tlII is he CoImeL
ne0eLS Sary I '. Al I Is tat ions;; IL are V provded Wvi ti 11COup1) inIIC1) cap or
I Il.ig ,' 11 ' mau IIti eli oz 111 Z 0 lOist]rv-C, , 11 1jd '; Lr ttac klied( to tIt
man 1 i I oI kis h) V kcIta i us.

flit iiuetou t ionl noZ 1 cI As are
ta i ned(' or po in1 t c I in1 t Ie 'nel L'a 1 1i Jt' t in 01 1 1 lie1 "(III hoarild

coun1cilt i OilbIn L (Iet Uponl ti' 11-IaCit ions.1 anfd d i Itrues in -le I ",It ionl
t i Ic i paI t he Ct 'I" ', te L 'm1,1iii teds1 ild the II ' i! of t 1iC, 1 si 1)

'ot't ions.". T1I :lI mit I ods w iIl he,1 I)II iipI'tt"'d I'. te orI
s illhi itls ;ITit) rktrei toI the, oi,' dik. k hi is i-- ii-w t !

lit liisti-ntI ior t raps) 1 at th -t 'I IO ' F2ie I' ti r

-taIt io .It Is 'r -II I ts i . 1 1.1k V T"i spi Iiii ' h 't ' Ir tl dI' i

ti0Trt' , C'e, i rtl 'ItI v a]t t I - 'ma iii . A\I t IlI I ,J I p resen t i'pc 1'.i1t i I lls

u(uAlI lA I Is -- tei 1'( 111d (t a- to he diipe11 uI .t1itietIa ,Ite re ' I-L'it

'aii 'I he ,.1 t'ii i re I d jiii th t1C IlIIt t . i', ompt'r- e I iir t til1t)s O'i'l he1

LI istl t itlittte it oi I v 1t e. I'tIi 1ii. rev i )Itt turt' Ik thermal

t x p.)t n- 1tu ,uu 1 'Iit t r:i'k t itl L I t it L MI i11 i l Iit t i pa1;jt I to 0 h1t '' lIik-'
w it li ii t t e 5 p;t-i c 1)rov t itt i t1 J' T-~ -II hi , ta ii I' I t i1i tli p i pevi , V 1
L'Xput xt t'- 1 o joiit t it ), a i kt (ic I i t' r ti r J'i11 t Ilv iI I w i (I " tft'sp;rIad I I S c

)W i' vt r , t li' I tut t i tin of t I St I- I i 1e L I t I I peisay Vi W

a I1ow te isvI otI' sIj. I1ev Ituus it t -4 i I-tt L' I 'V:ppun i-tuft!

lie he I I 1 )C I i ret! I t it Ii It I- i d~ tt t I tiit vipt1, r pot' ct t Iti r MI ' h

tIltI I titifi.

'1. . 4 St t I,ti1 Op 'rit ion). A wvi de V.'a;u1 of I to s,
We i iii t -; isL -itCO I[IteLrt' Iorv thc vi r ens i.',cr\', c'. Ihest ranI)ge. r rem
I pp r'. i mt kf I \ 2) ptitti I oJr .] tO- ftott I eup ,t hi totf / '- itc-di 1:1Wet CI'

IT u tiit8 i itrl P hitiso is'ro it ii t ti t ' v Iifs W fluni for - ;it -) (t tamo

hiit,c vLigli s ap'p roi timite Iv 2 51) ituntds in' r 5(1- tiiut I enn t It wii eli
Iit t!d wit 11 tfi1,' tIl rtctiitf it rass dfr ivi' t-tUip I trs,
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t tli It I' watt, r, siL I twat r f i rt,

ilv tis tt' in,! ,,11 rf .>t'l cIi r l a -. I ire' with ii th- lit in I 'cIpc -
it 0 - " 0 ,ft' I:cil, i- t I l. s> ' c,i' , I P- ) ind IM wI I I rt,L( i rI ' w, o ,r
:1h1 ) 'I !IIt'l tI " ~ id fk 1 1 1 

t
,1 !' I C(I l1 11t I , t ilt' useL ( ) t , k t .uI- t 1 il 11X

I .i c , 0 iC C t'i t I I, r if1 I Ih piecr o r on if ), ;ir ( t it. sh ip1 1 cin~ if s ,Ir i Icd,

i V ,l i 11) 1 1 ! It ti tI .I I ' I.r I in11 ,(' . 1il1 0 t . It i 0 1 d I - iL'I I t , rt r -

I rl[t.' , i I) , I 't I kL ), I U tt I ,1 1 '1 1 t L I i t , I t 111 , 111' 1% 111 W OUt 1t 1) k I ' ( I t d

i i t Ito Ir.ak c l )w rrtIiIk thm i c,o-t o-incInC I I I ti i t 1i-

L Lt' Ct ii< :1 a tl to ok I I '.tI' t ilt' \ I I V .

Ii.' It iti I 1 mari i folds ai rt I , i t cd iluif

tIII' out 1- )t 1 t II' I Iw r ) t '' t .d in1 Ct t ho (ll)pt L dtI k is ct

ci' I I ol tilt' I V;, k lot k, tjio' h Stk' I th In " bc' lIt L't rld to Ol"

r.ii>- d roir ti st a .'t\<it in L,]li I co t Li lll sI upport, d t ithn r Iron::. fiii

It I' !i '1 (1' Vi I' , I Lc .i) ,ir ! ti s , .t ' I to ht' st' rvi t'd . I i

iiii j1l i tt' 1 I, t Cd .iovi' ti i, Ictr 1 1 L r at ing it 1 Ilcic glIt oI

I i I ii. t I' ' oi I I r, 1c 1111 111 1 c1 - tt 0 11- f it t hiCh ii S tI Cl j tnio Lnt

rii 1 :i. I 1., I I f'it r Ii L t i nd. I I, I ' C Is' 11 il L' i t i 0 11 "; I I t iIr id t rC ,
11. 2l~t < t' ,,1, Wc j,<n ,t i d lm <r t I i it , gta I- r v :Io n (I f " I I

thc< -nfh iT,. Ivc f , ,l t i t I i tl im i tint )i i t d 1+) ,, tIltu II I' itI t Iik, 1 p ie r'S

I d 'k i it ii t It c . t'i',ci I tilt (I t[ III , tk , 1) C O - W it I tiit t'I liI'1 -

-L1t ) '-', 1 ' I" ti I :' dI i rt , t ilL. t lt I i t i 1i - tilt 1 i -. TiIc
h1 , 1 . M< lk Ct ii It .1 , t l t iI '1 1: . !d, w ithII It thlit, 11 d t o r thIIt 1 kt -; o l

wh,, is i, ik itI t I lIt' , '1111 t j-i t iJ i I t c lLt 1 .ll V S.iii u ij -t i lI rt toi t
at Ii (l tiVV ho at'o

ti-- toit ii t V t cIt io ) is V i ro d
lLv I Iddt.rs Iru1 tint lipp r dtb ck cit ',lih st it i n Iabat ion and bv
V'i I i ir .iAI'cI I r,,Tis t I ' slIorcwcird cuId of t 'c )i tr. Vkdl iciilcir

,r a,- ;'' i- .in . ovii 'd a.;t tilt ' S ,iWIYi otl t 1t i itcr a an cli, t

,t ' ii'r*r',la tis I tLi rtd. A( t'cs to tI(' kwr (t ,ick sIoii] I proi-
ti- v C r'c t ri t I t P I ib I ' , - ks i)Cp rt tCLt ptrsonnI . I aind

,tht. l ii t i~liL' .i int-tcd i r" .- ii<'li ciot'tss.

1..2. * h ,llo ' >torci..',

:il 1 o. intil Iii St r\i . whicl do not rt'(tu rt
I t' lllii 'it I t IL- I I l-.I lil, )tv Ii ) o d on tLit I owc r (Itc'k '2,,1 Itrv

rit i n i t iti r I ikd, i n co i I or i r01 c i s . TILi Ici ; alto rnC it ct V

h . t r I II IOu I nt i ttIwiso. ,ito p thI n ' rt iri to f:IC i I i tLitL' d r\' i in 4

Whl1 L ' 1, It's5ii', i li r irrciiill oimit c ',,tL Ild i)- iiloit) t d for o ipri sod
iir, stI,iL, - ti twi t i .lIiI t 1 io witt L Ilos s. P tahlII, wIttr, D F ,

J Pl-i, oil %. wil,, t ' i llLit ci'\' St'I',tItt' ioqili -r' s Lic sortt Of decl'on-
t . 111i j.It j Il < r ti in 'l i F 1 tC 'd 1II_ .11 tt k'I- .I t l 1( ;{ .. , It

t'i iv' i f 'd thalt tiit' st oring it 1ii0 ts 01 tilt' dock i lIIt,rv rit i i.i),
w tiil I I)t' t L '] cit ivtl v sIc'iI that fitC ;Irt-is ad ai 'tcnt to ttit

ioso ;t cit toi ls Ioil il r( ,riai i L' c tl " it A tI t i rilt S i 05 nit to iIIvpt'tt-e

pt' rso nl I it'ts',
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-t I I-

intilt tol l- I/ jtt'itt.s , t:.Iv h 15 t' .1 jd l' +-t ,rd ,,tt ttfin t Ix l'-tpssv, t

t1 1 d .t r1 IL t 8 Ii .t t t I t ion , i tt ;11 i cl ttI t 1 lt t illt'lFh . i 3 -
tl t I I L lu It I k I I r C'ld CI t tIth th I il I' ,i t I t it I I I f(I r

St. L' I lt 1 l0 L I L Ii I I I t l1 II (I i t !I Iht 1I- In. .1 I ',

"'k ,.t I (17)' Mo re I I v I. I I t i i lt o i I o lt11 r I - ill. " A

t~ 00 tl11 t 11 1 C t I SIit 11 L t i I 1~~ 20i t o 112

, 1) kI., n114 1 1 i tl l tS I X )1)1 :: 1ll t.1 1i ti 1 1, ' 1 114 n5 I , I 1 1) 1 tl i l!

1 I.il il. S~i t:Ic -l ii I At r< F'l tl l< ' O '' ; re~ l \ '

IIllI x ! I t \ x . I L 'In I i it W I I c r- 111 -1 iKt 111I t i 18 I.i. il t I li IA t t I I W 
1

t I I ltI. j c ll iv . I i otl

i! I t WI1 I i Ch It -1 1 1 t iI I C n (IL .I t I It I I i 1 t uI

Sc t , i -t' l j I 1 i il itS . 5 ,,11 t I ttil it I.'ll S
t-, I Il~t. I t - n<po,'tv t ,, .l 1 p <l i l 1 t r t . nt . l..

rtIII ii V III i i 1. I 1 IlS, Ii t l :i . h1l L S tlttl I I rn C I I I . l i,; A ,
0<, > V, O)n J ; l, .tI jd! l]i.1t t , kll < I' ,i t i l i i " , l t' I I I

,l < .t Atb o t tilt 1 , i, p {,<': l 1 c v I , 1 .t l I t j t i ,n 'I ,r t L i r

I- I, I t. l it, t t 1 ti . w i jIi i I v I v,..d , , - < , t I k. i t i . ,j I I 1 ,11

It>  )  ln~ St l 't tls ,. W [[ ] i, < I c ' t' i i ll, t'i l pm lt l t[ n'l I

lI ) 1 l r l i th1 . r tillu 1 it] t. Iis . .8 ,1, 'itt , 1 rI .iI

I[> L' " I t-h 11iC I I !IiC', 1 - I I

I- Ii 1 1 -t 11 k - k ,,i r I t ir 11 <

I I-li~ > tI W :1t .,I t k 11 tl ,i(' , ! .l ~ II Iit Ci }c I'V I I Il ke Ci'tO M]-

, i h ct t,. 11,, > ? kil , , k,,.I d , , k tilln (t It - tIt . )i c .I\'% < \ l - ('I-i k S

t' mi ll]p <-, ', ! t 1-k 1 1 l ' l'ill t % i i - (I l , ,um. pi t)tiry ,t I) p i k liII tlit, o I \

.1 , < t t i:, t , t , w -It v r l dc , i i 1l / -', i t li )t , ti I , t I., t U i 11'

1 11 , I I' d .1 11 ' w , i t it th It t I t lk, I Il t o I i.', 1 - 1, n I,- .

s i , t i tl c 1 ., ) c v, 11 1,,1, jI L ., C ' - j C, I ir kIi1, ' 1 V I i t k' t .

I t l p sI t < ! L' I-it I' V.' ,I .i ,, 11) 1t 1 I ., I l i t I I I

tL It M i I~ -,\ ! : 1 t 7 I -',l, t I I. i,'cd 1,\ t r t I If II I-. I~:]I V''i t 1 -

- II~ i ,~b l v,,'i ' - 1 ", i-',~ II ,'l ,1Ii t 1 1tl in <'I b i~ 1,) 1 1 1 L .It I ,

-"I t,,i ' \l AV~n I _,A< in ,, I~~.c lIct' i l t ll . U 1 11 I I N'- " 2 1 i 1

t ri i /i i iII m, 11 i t, t r :7; ti II -Ip . it , , I t ions.- S wc i ;I Ii /cd (It' iIln is

re. id iIv I v.i il ) 1c , <i nd lokvr o pc.i It loil is cormon 1) 1,(, t ti I I I-r.I,,

,I I-r11IS. I.\11 I I1 11t L in 1 u1 e.• t Ilk'V .i t IVC s ct''i r cd 11/ L o0k-ced in ii t vt c r L it- , I
C4')TIf i ,gurat ion occ tlp v i it I i t t de c k s pa Cc.
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Fi gh t aIrils PC r 1)i or WOUId Si rkvo bothI I DFM anld JP-5

sorvi i , 1r0)l1ILl' i ill, tillO tWO hOse0 Sta t ions- At CII Oif thlt- four

1)i-r thst,. V'r_V I it t Io L'saVinlgs- in li sc ost , woui Ii hob ro.IlI i /cd,

liOWovo r . l10 Opt- rat i ng envc I opeo of th li-arm is -;f d .o - a, sh;ort

I ciiili 0 hos t wouItIi be' rei-(tIi roel to reac'h ti'('0111Wni't ions oI' tL Io
(Ii t frii t li i. "k' sirVed ait thIo i nboard beortL I . Add i t ior1ial hosoc

WixiI d Ilk' ropii r1i Cd tor IIl ai n g thIe n estt2ed siip-, and ;a Id ii (I a gIrmTi

[)1'i 0 dV I, It 11 oe It t i I bo f)C 1L I i t o r 0 t-L1 len1 . lII L- i rs t 110 so ' '111i'1 t ii(ix

IVixi I Ill' mi'j 1 uip oni [),I rd t lIT, roc(-ki o i lig SIT-. 1p lv s.ill i pla Ird p' r-
IIIo It. P i trC' rs-Oiini'I woul d Tinllock tilt vort i I calI l\-1 1!dI1-7

I rit it t' c,ic tixi ;riwtiikn i) o I-irl,I m n I it I

sii tis- iird',III inf)lIc(t ins icnilSW-- OI toL. tri 1) 1" l.

I ViiI I iCo 11 h0.i1- r I lli when t lit) Si's i rk b) L x I i - ll'n tIi

ni C I lit' I ",III i u l -ni .1 1 I t* -111i r i 11 in 11 1 ix. t '1-

ii\,- tim I lk - 1["A tuJ.'!1 Iun ,iVC' .i o1Ws thle o [ttho I rdI I, .. to

d ri t ILo t be sixh i pIxaril1- I iw I t'ink 'In t he i nb"A ri 1 c1 in 11 dI. r t i cal

sIc t io I I IrIi ii hick to t It. 1 i~ c r i I m ii i xx i i t i s no t

p)ros., IT rI-'i . i11t tin t 1o 1 "A xi ix i r I. I s t omiidI , on I Ih Ii lowV

p d st ;1 11 ti 1 tix I. x jII d I 0 t I I I I r ( x C i ) n I; i t Ii I I m I' ) Ad ;1 -AC nI

toI t Ie odxtAIl . A d Io inxniI ; Ill I )I i x 1i' 1. ,I ito t iT,

px xpI1C l a -l-xitil t e 11 1 0- Il I ii 1xix' . I 0i 1i 1i VC tilt! i it'1 t Il

Yrssi i zii t i (I 1 wI i tiho lit -, p)i I 1 w

1 1c i 1 111) r i 'It( i xx t lxi -IV i kcii i i1t r I 11ts-~.'xh I i1

t o I:I it taii o r rcpl .iuxit , . xIl I imoxtilits t il or :uii

:,I I ' 1). 1) 1o1. Iii'; is" I ii )Ix t x it 0to h i ii WI i witix :.1'1iv ls o f ill

IV i xII . i nx i, I o r- ( Ii I i t Lii W i t 1x wi 1t 0r 1' An I ti r i i x10d ti1 t lit 1111 ini t t-( m
W I II 0 , ill Ii 1 nx1 i St 11 1- ' xxxiv ho % i ii'm)j1x1)( I i 11t 0 t lxi' Oi I V IV. Is t L. :xx,i in1.

m,'xi I liiii ir m's i r' o rd mi i 11v ,is oi it.iL d wVi thI

H xxvo Ixx Ii- Ii is irl ril lxc i ) 11 (1i I t C ixxi i l l Iiii piers

iAIi tixi1kim opci.it lin, fuel iock-,, -t(-. , tiiolabr s~ht-L;ivi'd aInd

p i I p - I r I ,i'n 1 t o Ii .i I till( t ion It fi t lit, n Iimh o r oi- t I mv.-s tis d i not
T IIc tI t a I1 xiI I ille p InImp,. Ii t i I I-IipII t oI I( m.

Coinsi ii rit ionl if t ill, tisi' of l idi ing a rmis i n t lit

si'w~iPO si'rv i c*i opioixs t lii' poss ; iiii I itV O'xf Ii(ve 1j~lop i ti t- r I t in 1

i it for deiout xiiiiit ion i it pi Wki' . Afti' t-r C1on'tIlV I ;ii i tx', W i tix1

siI twaj~t e' r , .I dii - in foc t t anlt I'0x1 I ho ) ini jix t iii into tilt' cippid out -

ho.i rk Cx upIl I C' r Lti rough a ;mTa I I sOooniC~ rv ijl i 1ip. Illii' ils iIi ficn' t ;I it

oIi I I( f I Ow t ix ro iigh l ic ii a ITT ;tlli it ixo t li'( sowai'k imxi i n

In iinv i.vilt I I ii doeI opmixn t of t;I s t aii1da rd i ze'd

I iisi i 1up .indl oliuini caii t rk ,it mit t svst'n fir -4CW~Ig0 iiiisi' , Wluii'

(Iolu] di Ii lOCIti'i (Iii tiCi I Ir I'i-dek. cUxj Il (Iii g i VonI OTL c i(ILx' -;it iili
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4.0 FULL SC;ALE: MOCK-UlP

A :;imph' shop fabrictat Ion des ign for a liiil I scale mock-up
of aJ Stct ion Of theL p11 t'-iilpttrted pi er t'OrIc''pt WAs- de-ve I, pod.

TIhl i s i s s Itown oin D raw jogs 17 ind( 18.

Thek :tock-up is des lignt'dI to he constructed ecotiontiical lv of

staindard-s ize, lumbher and plVwood 0n 1 ocrt f lnat ion iL'
(Is CS it IIW ii a'ccept p)L' rs on nL' I loadings of 100 ps"f . T i s w ill

jI-:-'s I it a L 1 ( ris b s personnel to al IIIpor t ion o 1S0f thIIe mlo c k- Ip1 inT

o)rd (IL'I t o pro%'i (It a t rue s pa t ia IeLXper ienCe Of aI 3Spe(tts 0 1

th I L- s, i I I rv' c onff i i ra it Iin. Al eleCIme n t s o f t I eL g a I1 e rv decs ig

Ac 1 ode 110it'Id And a rL' pA ju11t t-d to i'prvide for easyv component
jittiiiLiAtiOnl.

Ie I I I sea, I e, mioc -k -tip p1)rov%7ide s a in i ne Np)e ns I ye( m e ans o f
VI tIaH1t 11)g the' a~d0tltaV of the- 11 uMan11 eng I ote r ing as pcc tLa toI
tlie tisi ,tIl . ['lit ptts i t ionl i iiig o fthe(. var i ous components o f t fe

,, IIIkI-V1),c1Vc)v ma he eVI Illat ed ( tIt roughl a Ctn(M I simil Iatiomn ot f t he
optL'ra tiot- jproitirt's.

VidaIioln Of thek Lies ~ncon)cepts andL \er if i cation "I the

0) osI t ion n ii. of a Iof ti the L' ii I Ic -rv ci esCte01 ts -- the L r rt' I at ilonli1 i p)

to eatit ot he-r and tlict work-sa' ir0 avai Ilableb I ma\' iv, tictr-

f ore', he wtotipi isltet heforc incorp',rat ion I lit L) aj pi Cr ( il-
St riitt ionl prol el(

5.0 Rl~l'I'V NP) C:ONCi'S IONS

(:tt~t wire1-t dk V(lIijit'(I or open and c losed-t \'pkt'it iIi itv
gal I kr it' si t.11ih It, to p) i I k-siipi rted piers mull f loat illpi,'

Al terl.it~ 11jiproac'11ltt to tilt t'oili'tpts tonce \ye'l dttri ug, tI itF

do-ve ov u t i rt' i i' I tited inl Appeni ix 10

ittkjul 1 ti vt' Lies i gus WL c pj repai red to r thL rtt iL, o'iItLtd - I i i i k
SpIt' ti'ii ii lrCOncepl1)t pf) I n 1. I I t L rit'k whit icl rc'tit, ' t i ,

VL' rt i t ;l I lo u iiii1, i tv out'M o tt T w lt- sI it aI rt'diltct ioll i S4 w t -

f i c i ; I , tS i tie1 ,oiast r t' t iont whent it it is s-ilt jt'ii iI t o 1 i i L
Lt (Ida I t'o nst 'ai jult. i)L 1ii t i VL- LI raiw Iit u s t- r t ai si p)rt'pi rt (I I r

a flIoa ti ng p)iekr .

Tlit 'oC01 tt' rt-'('oMts'itdeCd fo r hotii1 t he p)i I L-.-ttp1iti)0r t'i pi ) 1

Jild ticte f]().a lg p i ,- a irk-a I i i 1 ai r . Both Ii ccept S ktisL-dt l l opeCll
g~ ry ciiot tit~tt is'-, hot it have elinlgs, ftor sli il-tit-hur'

tit i I i t v I i it'( t'gri whit (it ci art' 'ssen t iI v t'ttit i nuotis a long t he

en t i Ul' I ongth oitf the St rututre. 'IlI-i etn t-i nuous a tCCess is a1

d Lsti itt advaint,L' wh itit mti all Iow ut ii t 1-v st at ions t o he
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(Itv< lip.,l tv"r I) 0 ' -iW Il1 -Ip.1 . -s ill til.ht ll sll-t W iilhotl{ rti,,ird t~o

I it Ii i t c LIin Ii ht 1 c I rI t i i n t i I I t ri I th i
t .li' ILitt-,CO 111 1 t CI ii td i t i 1 V),i- ji ns .i it w t I III
k 1 , , 1 C10S kd t l 'l I I il i .ii - t ij' tH i '' l t'It.]

f, i t i I ,>,',,r It.,k to b iLh ts I rt, i ul iI I' MiV - li t t Ik , I ,-t i i

C i i t' I t k I 1- th <t i t , , ,-i th > i i to Ii

t,)-ut. ,I.t - Iiil.t C I.Ci ti i stt Iit :in1 i - ,t:ihL I Ii , k

Cit t ii I ,'it Li.S t l Iu Uv'. t I ). - r c I 2! m 2 tl- Iln sii v it it hi
,t~ l l ;,1, I, . t i c - r. .,, ' i S < < ' i' C kl - Lt t- i tI I t I l '

IC t I F 1i i I t L i Il II1 11 hiS fll C I 211 : :.2K- r 2 t ] 1 i

. i . I t ri i t ) .' % l , I , .I I.1-

i .I ' , I ( :.i I .i - Is:1 i,,.1 n t C i c r I i i -

t',it - - i -.t p1 it . .i t ii I , 1I.,2 ii C 4 .iI I It- "'-, It -21 i)

- t t I 'Vi r k , i' I Ii'' I- I s II V Ii

t1 tC LC-p' %

T I t i , .i , I , iC . Ir ' , ' I , - : .I % 1 -

12C 11 1 1i 'C VIii, i I I I I hC C I ~ IC CI p -C
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I

-, : ,.- t I '-p h i iii%, ' i t i' C I , 1 1, , > 1, 11 1
7 t < I tl 1, t i , 11 1 1, 1 < 1 11,1 1 1 j i I I 1 11 1, I-' <It l ,, .I

.,! ~I~ I P, I V, i 11i 1, 1~ l - p ' t ' t i i I J,, .ll C' 0 ) ,'1 'Ijt 't ] ltt "

i) ' "" ;:-> I ::'1'' 1 ' l: '' I <! \r ! <] t[ ' il ' l~ ~ t -- 28t l~

k



1 1. B ERTHIN(; -PIER- LI1GHT-IN.G

(-StHTA-SK -NO-.- 2)

Fit is siiht .is-k iii\'o I vc -: t tit, i nvct'st i gat ion aind detveI'lopmt'nt (.I rc-ql rt-

::lent S to01 ,'Ili tib I L I i 1,01t ingi, jflt-fl i Lv I 'i.'i Is for be rthi ng pier
ji'~~~~ k-i i m r iinrvd'Int i L ds i gn braI i ghL i 119 SV-tLom. to

provi de tlwo e IcLvcls1 witl ii mni mum of rimpTmn11-u1tS thalt i nte rfe rce
w ith oI t iKr 1 o r dcook fuLn ,t io n,

I .01) XIN SI NC FAC I LI'I FI -E

Brown N Root DX-vi lo p!oni t *I no . ( BARPI) 1 ) I)( rIS Oil CI v it Io d t I I'
[Wtrtliingo pi ors at Ow' Pi lj~ Nivil S t at ion on hotoix-r 1 3 and 1,

1982 (sot' Appcndi x C)

Thte 0111V J)'ri-Itlit'nt ()I IlI I i m nfn tim pi irs, consisted

of slhiadcd tii-)I i %h it i 0)o it )10-ioot intirvals . Ill L' 0o1ff-p)ioLr

I iit in it I, lt- I ws I- I' r ii t trim shiipboh ard I i lt ' i tiCd

I12 it I ~ v, t I . ill t ) olor I!~, wlIi 1 1 rt'it -d i n
r HIrdIO' I ; Jjt t It -I I i ,it Wt s' ist 11'1,tr-d on Pi ors Number 2
cii Nir.1A' r t; i.,i ',s I I IN P'ilo I i-h)N I C I 'Ot 'Inod I- t' s' r ( No0d I I; 190

r r) t') t r 1. I r I In rd cos, in'I rospon seo. L W li w~t It't
it, I- , ,,:illI t. FrI t I I ' I 0 : I)I Ippro r). It l\ -I i ) F. PlI

i ht I. i t t *I-11 I ro t Iil' I I i x I t i ri L' to r moJ a ( i i- s II I d I iti t i-

kII It i I~ . t I I 1 1t i I 'll'; I t tO It'lW l i itt w t' Ii V phol ;1 nil O L

irk- tiltii 11O1 vr' " C-0 t~ 01il L '1i r I IiIii I V (iI in or I I i Il I It

ho tt 1, 1 "A' oaI~w I. r VI 1 1 ti t 511 C i V taici rows o Ird

-:..'-Il I- wa1 ',t tai 1 amr kh 1- i 11 ) or 1i (:'I -IrIi It in o f I sr s tlmI i
'host rot adIon; 1 t t I 'rW ) I ir chat rioJt Ion- ts did t sX lot, ti'.ier H Iu u

w; Is ( ist in TI Ira o Ic is; not t o 1)it,'; tr ip1 ha za rd to pecdost r i an1
t, ra t- fi . %lI of 1 t - ho' trt 1ii ih 1h )i irs ohsi' rvt't win' re1oUilii to01 lliivt
i I I M'ii natL ion I i'Vi I-:; t-;s'n t ii .111 tin saI s 10S aI C1s t Ilost -,iL ias iir cd o n Pi c r s

Nuimbi'r 2 and N iit ' r 3 .

i;ase i rn I)C-11- stat etiL th it Wihe'n tollsie tas,-ks reqiire A 1 i ghor

i I Ium i nat [tiln I i'vi'- I ti11411 i s no0r ma I on1 A i or, t k-mpi) r~i rv I l in.g

f it t n's ;siiipmI i k (dh% b t L Nivmi I B,)isi' are ri ggil to provide I i giu I up l
I d eq i mt ' for thei task .

Friori tit(o Ohst' rvat ions aind commeiltnts maiL';it tlit(- Naval Base
C - r ta i n p)roh I onis ai1'i nit-uIs alpear. TiiL' Saf17 MI iiO Ba-sC has1 al
hiI t - in neuli r('iient t liat Ieriporart.' I i gilt I nri ho uisedi hecause tot

'III



the minimal amount of permanently-installed lighting. A "clean
deck" which the curb light installations provide is, therefore,
not possible, to maintain during periods of nighttime activity.
The.se problems tend to exacerbate existing conditions associ ated
with stat ion personnel regarding crew sizes, working hours,
planning, scheduling and safety. The working situations and
conditions observed are extremely labor intensive.

Numerous telephone conversat ions were conducted with personnel
at various Naval installations on the East Coast, including those
at Charle.ston, South Carolina and Newport, Rhode Island. Some of
the comments received expressed facts and opinions including:

o Sodium lamps are preferred over mercury vapor lamps,
although both art used. One station was originally
equipped with mercury vapor lamps and, as piers are
updated, the lamp replacements are sodium.

o Curb lamps are useless.

o A light level of 20 footcandles is not atta inable on a
pier having a "clean" main deck.

o A Iight lewel of five fL~otcandles may be achievable
but not with uniform intensity.

o Any topside obstruction will be destroyed by forklifts,
trucks and the like.

o Illumination of tile pier from tower-mounted fixtures at

each end of the pier was used.

" One berthing pier, which is 1,000 feet long and 200 feet
wide, has a covered topside shed over part of the pier.

" Safet y is emphasized and practiced at the stations.

o While the light levels have not been read and recorded,
some are estimated to be between five and ten foot-
cand l es.

o Luminaires are nilnted on the sides of a pier shed and

also on poles. Poles do not cause undue problems on
that pier.

o Lights are sometimes required during normal work hours
because of the geographic latitude.

o Light levels of five to ten footcandles are sometimes
justified for securitY reasons.
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File ex is t ing f ac i I it i c.s it some stat itoins we re cons i dert.d( to (I)e
S iimarg i naI A It I ough no I i -,h t l evelI rea;d ings, wereL known to ha ve
hbCen t aken a ndL recordedt even teIt II ar,, i n: 1 impI)rovemen [t in1 1 glut

I [It Lem1 it' eS , re Sul It in11g i 111nI 1amp ghangesIrom me rCIrv vapoit)r t o Iiigh -

1)rt- slI Ire sod(Ii ni, w as vieowed a s a n improvement . I t wo ulId 1) 0

in11teL-restLi ng to d 1etk-rilli ne i f perhI aps poo r I i gh t I ng and 1 :it ed
v isib iIi It v a rt in IIlarge pia r t respo ns ib 1)1c roI t I Ie i) ractt i ce o f

phv i yal d ets re v li; t ,Lops,- i d L )b St rII c L i on1s b)y mlo Vi lig VelIi Ic loCS.
Some pi e rs have bo LIi I ~ * I igh t 1)0 1 k'-, And anl e.', imat Cd fIv- to

I en1 I00t toadIL It L''-r1 1 1 i ehIt enl the mal, in de&ck. The Lse t- ops1 - idec
obo)t rutt ions AIL' not cons .'itlereti prob 1 ms 00 on thiS I ilist ;11 Lit ions,

perhaps S ltast V 11V can be :~r

2.1) 1 I.IYMIN;VION IX~IL1 1, 1TIR I A

be p)r imairy c r iteLr iaI So I r t'0 l;i d L-d hsstl Nivul FV ,i i t i~

Fn; i nee r mc M ( eOM. ~i ( NA VIK C ) DC 's I M, >11111, 1 t F'l i . 11

Fnc in ee I- m n I, - 1 t e t r i c l I Ut i I i / It loll Svs-t 01ll , ', "" k' 1 14 (4

Se t ilns 111( 1 Tht. !%ioria~ I A~dIiL" :'.5 ire I I ] t L I.

tI > r(' o" I I I l i1 ut I. LlV Si nk.V e I* i, , iLt oit N,, tj I I 'asi 1,' It

F!l II> I lt I1' I i I llb li "~ I I:,-' i l I litH1 iF( LI,' l I t1 .

lag ICk111Lll kiI ( ilt kr. 1 llt iaa L 'vi ii' 1 1or Ilt .11 1 rI it

N Il ,l 'A tC I ;1-; 1 n 1) 45 L'dI r e i 'Il C i i i I i i L k

II t Iis 15 c1 r i t

- lo v i ng vei ce es csi iLs perisonnel autio airr ivil

pairkim11W and dep-lrt ilrig.

- Dr v i nW m1.1ne-Mlveri i M 1 1 J)O - i t ion i 11'L VI vi I es

thia t 1an Ile .k argeo.

- l)IpCit ig hoololl veil1 i' c I tt lie], i st V1L an lower
c ar go

0 Cii rgt ) p1 aic i I oa1 i l ig hiaiid I i 1)", .iiid 51k' C tI I i fig * p1 t tIlIt

seeCuir i rg aind reufltv i iII, ot stCvut0Iort' cLtar to cranes Is i r1ig

s;iau'k I es , IIooks , hr idle aind ,I inris inth e haind" i o 47

ca;irgo
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0 St i I) h) r thi ng support , hot e I /h ousekuciping, 5 cryi cu

interried jatte-leve I maintenance and refit, and the
eve'r inctrcas (ing o perat it)nalI train i ng .

Th,- i rst two categories , whI iCh I re geic-ral 1v manual tasks
inlvo Ivnlug med iuni to farge plrVS iC1 alCorrIponefInts , have low I i ght

I e\'e I r,, Itl i CeLlnt [CI S. ivh th I rd (Icatcgoprv ( part iLcul a rT IV opeCrat jonaI

Lriin ll',) , o tenl dealI ing wi iti sinai Ier pht\,- ical componenfts - wh I ci
rIk-i(Ii reL Color- majt Ching' and the rea d jug of written imaterial , will
rgIt']Ii rc' a si glit i Can[t IV 1 glier Cl-Ii ght ing" Leel.

H[lie '8 Ap) i cat ion Vo nIn orIL the( I-E 1 i gh It i ng lIndbook stt-;
So1,(,-t iokilu 2, Lightl i 11i' S Vs't 0tM -. i c' Il u 0o1s i LIer:itL ions ,' Pa ge 2-3.

"'I I tiMil1ICit Sc1-Cct ioll anfd App) ic it ion,'' thait sinceL 1958, the(

Soc [t % isr hcco I)uit I i sir -ug sing1 I C-va I ucIL i I I LurIIirnance rLco01111inaIa t ilris

h.LsCd oill ;rML10 U.rtlot st~ih iSied at thaI;t t ime( . Sillce 19 79, the1
SCd iLe t.V''. c'mit tee hcIIave re-coriricdd flew inte~rior I i gIht lug stand-

Itrd, 11s iII rI 1 nW raIt ~pra Wi tit a We'ight ing-factoLIr g IIidan111Ce
svsterrrc.l ct ill- I i' gtin-prrrarc tendsL found in research.

sie tf' e t;nirl have not :iVL't been appi iled to exte-riors

rni ,cc rt un i other ipph I cat ionls , tie' Soc I Ot ' or iginil recoiruenda-
lris Is-,t- i I I Ipt Iv 1.torI- oukt dooit)r i 1 ITum i nat ion. From Fl i rc 2 .2 (1f the'

I i I lit i rig liridhook I- L T 1 M I . i it io) ii 1\o 11 Iril , the val I ties in

IA l Il-

ARJIIAA(:T- I ilY FO Pi)C\ AN! 1, C I S

Piec rs

Fre i gt.....................20
l';is-I I 'g' r...................21)

Ac t i ve Siipp ingi Area ISurrounds . . . . 1)

1l1ip) a~

icrci .

lkk- . .. . . . . . . . . . .10

Fahr i caift ion Areas........ . .. .. . ......

Se-ct ion 2, k''1 gt irIi' "V'Itir Ies D(i-n' (01i it1 h:1t in'' Pg1 2-44

arid 2-t5) 'lI L i I ug- f or SaIfeLty V" 0 1 tn IL Ii ',it ii Hy- landbo-ok- -- -1 (-8
ApplI i t-it ion T Vo I l imet sLItte:...... ..ire oid i t io)ns ;irt, e'ssent i) to
anyV inliahi tedL spc and ,I -itic ct- CI ft Ckt 0o! I l-11ut o1; 1 1 t \ muIIst 1he coil-

Si tIc rcd .Tir c k-iv irorint )tshiout (I het cdt> jgie to lIre Ip comipensatec for
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t h I i it t in F L ;i01 o I i i t c; ih i I it v . .\it" f-ict r t hat a ids V tiul I
" t, t i [It in c 'r.s tit- pro bih I it v t hlit ai person wii I dt. t'iCt
tli' pOt (11t if 'I.Itli ' Of I ill i Cti d ll t /I d jac't to co'rreoci t it.'

I lib 1 1 -2, t-t ri tid tii thti( I LS l.IJ ht -ht in IIi dl,)(k - 1981
C\ -i irt ion Vl, , I tWc, t i t, i I 'Iiu i I ot1 ; M vol s r i irded n s ) I uto

d il ims Or SiI I t v a I ont'.

FABLE I 1-2
I 11 11.11-1 I NANCE LF VFLS 1"OR SAI'VY-------q.:b - -

(AS I XlR.\CT F )

Ihii A rd- iRC q I i r rini

\j i I:Il De'tc't ion .I 1 li t H if4l

No riI A t v i t v

l- 'I I Low i i I ,Low i ig I

1 I tli nt I r I tI ' t , 1 8, ,
C,.+ 11n1 5 1~ .'. 0.( 2.0 S (

3.0 1N t'S IR IAI. EXiFRI 1 ENC:-

TI I L ' t ,1 11Lt'111i c It /pcr)l' t u I L' IW, ld r 1 ,1dt t<d i kh il trI-ic hl1,t' 2!4 -h,, r -

ptr- tla opcri t iol-8 8Th i ,Iil ;' I Oth 1)i'l-i1iarii'lt I V-i111iilt id tld Ililit..li) I !

tt por' i .'.kt 8. t 1I, ,If -,,rtbl1 , /t V, rir I iC'iitY CIr- ir1 ni-

qiint I t 1'. , . , on , 1 \'ar) a]1 d is lrompt cd b" a i lt'd Ior lhovc-

normalI op nit i t I im ik iitC''' lte v 1 C . )xpt' r 11iCn-t ' iV, I l o11'
iit IU ]1 t S( t :

PI k' ti S iC I S-rt'tCO'n C dtl nt lslt'o 1 11C,' 18 \ it' Id;
io ri' Ii :It th 1 i -18 n ( L'd to aI c lv o )cr , i ind,,or

out doo r rimiii t- t it- 1 ng p 1 ;it8

I IIS t I I IIt iOl 0 If 1 p' rnanTI t I ih t 11) Y S S te 1.'m SIo IIld b i'
;doij IoI i o i 1 11 a t iCi nI)t Cd I rcq nnt lv I't' LIor l g
t ik, w i th p r1 1 TIg 1 of skippl .mOnta 1 I i 1lt i rig.
k. . ,, . , to f il t'qfI-ltt'llt Or nkl o "O t'st't'fl m 1 1 L tt'nan ct' t rn-

a roii (],-8

it Tt1' iltor .nl uf11 11 pit'ent reqIi ried to t ransport, riL and
L'l C' t L' i)ora rv li gh ts iS c (I Ii v Ient in c'8t to thIt'

in it iI in1 it '] ti of I pc 1rMnoL'lt svtekflit.

o 'Flit, storag' Aid hInd I ing of individual I ihIts and Llt, i r
mounts rstul ts in a h igh breakage rate.
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" Avoid des igIlg permanen. rt I ithjt i n systems wjli a know'n
lioed for- auxil I arv portable! temporr lights bUt, when1
thle need does airise, list- liumina ires mounted on whelst'I_.

" Portable / tCmporary Ii gh t ing w ill not provide the Iuint Li t
adqual it \ of ii I LIMin io sot 1 ,0ughIt

ioiildd1i ol t leVC Is (Ipub 1 1 shcd inl the 1 98 1 A pp I irant io \o 1VI utim
of Ii hoK~ 1 ' i i i ni' liandbook 1) h ive reii nod (11Inrlin ged -s Lore 1 962 T1hI

;1111i it i Irs Iind I"Irkitre t C I ght inl), system r i)L'InS Cot ribute

1ho li k to t he "On tent of ffPs and ill tlio 1111 lei c I hiut isi uso1ui , the i r

oosi to r I oll;:lI t illl iIaV no0t b1) 0 S I-' i e I irc nerOd S

TC e pot 1r0okiJLe1i CAlI / pC tr 170 1 anM11d rc I Iat id indusIl,' t r i Lo; te011d to0 down-
gr:idI( t ileI re COMMended I i i"1 t Va' I Lnos putb I i sh ) bV IFS . Tihe coiiiot

appro'h to oultdoor1 I iit i lg die i oI i s to (Im i ize iYL tile, total nulmber
o f I iol r 'j i rIe t * l. to 0 1IS I ) I~ I 1 i Fe illampsL an d t o ;ia x Ill i zeC t Ie u. sec o
Ilil--Wi t ta Ij 1111 i uai I-I . L' h1 i 'it-Walt ta.I 'C I I 1on 0 11 ro) rn b s slIrcoss -

li ': pp I i I'd oly i: 1: lit in 1 11e i ,Its of ov'.r 2(1 f I t Ouit Ilo IIr

1:10 i it ire i ilic rcil Ix I i:iv i, I ho ) t runt ions wilt i c i !tce nor k, i it
:i,' i i forIT' i Ii L I I ti'''' 11 * i is ois :lot Alpilr:i I' to

t, ; I ii ut I-P1 lliol 1 iil lit I l/ii r, !If s5 Ii 1 r

Ira ri t u t ill t J 1 ii i I I s I I Ii 1i ii "A iS I 1 i ' iii ie

w ithI ri Ir tol to s Ii l it thir tact' Ire .112 2Id i fi I WIre

iii, I tO IIt I io roe a 11r 11 'il 0:1 I ' p1t: i is t I l-f o I he1 -c

.'ai ot 1' ii t Ie, ;,I, Lt tller ', 'ade.' Ill, joint it''- IId( plo]1 i t\ of
Ii ill-Cl- PAil ' i -1J)rov i .) L' i I! tCOi1 t ro1 I 11:1.4 7 1'0- VC V p 1) no theI

uii I- .l 1d it i1111 t ool I I '4llt p; It tern I oTit TAo :Ind theit( r 1I 1o

' r I Io i .1 r: - I im i l a i , r-s w i t I i i c ir el I 1 i, bur l ve [II I owed c t I et
re i' n Ot ' :I] i c.lt ouit pit wi titoiit I' tI01ig 1iiit q I la I i t v' an'i

it 1 I Vt I CllSiC i 11iiloyV. t io0 11 , A Ii I p r i t te a"1, I In -ti Lr1 i 1 i IuC t i on of

11p1l 1 i od I iit leVelIS f r'oMt t IleI r I, om1i niin (I eIIIIvel.s wi t I iI it j c onar d i z i n

pe Ii lid1 I t 'In Ill I It. ti vi' . I e o tm .' tlr i gl

lit ng c l oilip iltt I* troll~k n o ,% , 1O 1 1~ t ire I ilt f i xt lire. I t 10i i rn V

ina e rL ICSW i I 1 11 1sma 11 I I H TI i reI i san e I fc kOli''i i mtprovetlion t I,,

I Imp wa i taIgo s 1110 rol.se. I"i xt tir, les i on s : Irc o w105' I 11) 1 it wi tii

hI Ir 1)1)to it rIl It I-, P Prosont It i :li-per tormainro I amps p'lt nl

t r I r itL ir l t i'mjI',r;I t In 1-1 1' f 1 1 e I Ip 1)m It 'I- i~i . lapI I m)O fir illnr ieS
:i re nlot e ~pe c t ed t o I mpro v0i SI 11 i r icanl I v Iollil ( i 11g (le veI opmil t f1

not w I11111m11 ma tcr ia IIls. I llf or n t 101T1 from tile I igilt ingv fixttllre
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indust rv indicates that future I iglit ing improvements will be essen-
t al IN, inl thc eftfic iencv of fixtures intended for use in mu] Itiple,
1ihi g-I e've I _IIppl i C'at ions . Thius , I i gh t ing, des i gns which arc based onl
the u' of the l umnina ires of current manu fact urers are niot Ii ke lv
to beCome obsolete it, the? next 10 to 20 Years.

5.0 _LIGHTINC; SYST-EMS

TheL exist Ling methods of light ing Navy pi ers have heen investi -

,iated, indust rial methiods compared and future trends discussed.
ThV evallnat ion of available systems is discussed in tils sect ion.

5. 1 ALTERNATE SYSTEMS CONS IDERED

Ihle Ilse of piortabile "pl ug-in" type 1lights mounted aboard
sh ip1 but dock fe.d is a livbr id airranigement with mult iple disadvan-
t ages. This type)( of lighting svstem satisfies the "clear deck"
rest raint I), passLing tilt problem to tile ship deck and fail,-s to
el iminate assoc i ated h i gh ma iin tenance , h igh breakage and h ig ilIabeor
cos ts". Mobile cranes are, requl red to mount and secure large wattage,
plu rg- in ILuminaires . Tbhis task can on ly be compl eted a fter the ship
is be-rthed rather than be fore' berthing, whlich impacts the scheduling
(If stat ion personnel1

The ulse Of portable ''plug- in'" type lighlts on the upper
IIL' k alSO re'sults in Sevira 1 di sadvantages- .The appl icat ion of
ally -upI 21j)t'lt 1A 1 i ci lt iIl4 tLChiliqjUc incorporates all the econemitc
djsativaiiti '-s experience.d using tile silipboard-mountlug scheme.
Other nec ',it i v' aspects are tilat the ''clear deck" object ive is
violated this cauising, Clitter andi trip hazards. Tile quality of

tile I i glit oh t ii ncd will be poo r and will produce glare problems.

The lISt' tf stalicilion-mounted fixturt's, witih the stanchlion.,,
beinj- rt'i'ovablk, from tile mai n tdeck whetn niot in use, results in a
pairatiox. PC trManllit IV -11)1)tilltt'd stanchion tin tile main deck offer no
intte rftLreui cc to !Mainl dec~k usaewhen thiiere is no act ivi t y. Whien
the'rt' is,- n, :-Ani deck lct iv itN thet re'movabl I'stanch ions are secured.
Wht'n tilt'1re is rniill tit'k act iV itV', tilt removabl 1e s tanc(11ions are inl use
part t i mc. ibi' re art, n dvntge ftor suci an arrangement . Tb e
tiisativan t ages iii tI tth' lli.gh OS t, h igh ma intt'nancc' and hi gh b reakage.

I'llk C ist 0 rtc'L(.;Ssed curb ligilting, as observed at tire San
) ;oNavi Stat ion, ma-kt's no0 li giht Cont rib ut ion to a well -des igned

berthing pi cr I lt igsystcml. i pit'r deck is clear but tile
iilluminat ion is inlatdtquatt' anti 1lighit patte'rns art' unacceptablt'.

1 1-7



'hle U'0 Of p)ole-mounted fixtures inl clusters provides
not i Ceab ILIaVaIntilgeS in powe r Iffi c i nc it', economies , safety,
fiexibil1it\', versat iiitv and light control. A properly designed

svs ern s lo log-lif teI mp lad liglI-q ua itv fixtures will be
virtual Iv mal.inten~ance free, will not req'(uire sup plIemental I ght ,

anld tie aroeas- where work tas-ks aro i r forimed will be un iformly
1 i Illi teLd. Il I L d i -sadvut c t's areI thaI t -,omre maIinl deck clut ter
exi Sts and, theI I i 411t io s1, ste mus 111;t Ilk de.s i gnid

ie S use f F)L prmlanenIlt I V-11iIl ttd f i xt tires onl 1 ded i cateUd
tt'ali )1t' trail er o/ ca rt o f 1e-rs someW adLvanlta:ges and dIisa; dvantagecs ove r
the pt'ev io-s IlI ternat ives . [II' l Iua i t' of1 1Ii ghlt ove.r other port-
ah Ile I i gli L (Is;ageL docs not i mprove hut t lhe t ime and ( I ab or i two I ye,-

men t i s reduce t od. Fl'here is, anl everal I reduet ionl inl deck I I tutter.

I t SI i ti he I dedCI thaI t aj riann [It deck I i hIt t i n;-.1 svstem
shot It e I I Vscdk i -IIId wi iit It idea1 thalt no s tipul net a I' I i gLt w ill
he- 11- etdi t its av IVil g i e t 'vt'nOLI of 1 tLra Ii I r -mo t In t ed po r taht I e

2 M'S lhN VA\N IA .I S

lie, dc's i wet'cl 0 a ;i 'T I i gl Iitc h' t ': iit, his tI hroe prima rv

vI r i io a1n1 1 i., It is rt, I Io I tw I e i \ i ; I r IS t it~ i ' r 1 a

it tj w t ii s 11 j a Xt:g Ill-- 1 1 t I t. :Is i h ii'0 vr2 . p rev Id

.i ;Iex nllk ip\W'.tttill ;!blu Iit- to t'Iie Ilitlhlc I i'ji in.- tor the

A\ I t h' ::It , ', 'ci I'X' V, put - I .r' 1' rkt k: 1't' 11 e I v tis o l o ti ,
lIt' X i r ',t p1)i (I i n rt- 1) 1 ' hx'C ( 1 i '1) p 1 'tC I I A1(115,. >1L, rt I OC-X' V X'.t I'I

Ip ij, -IX\ !)t p~ r '!t'r ! for t ti i I , -11,1ttitte - I'fi s.t it res )" Ht'tuso 'I the
I ir' 't :c't . I'll o is it;( ini1 tl'sc'n I .cw TPs i s InotL

1it' 11tpl I Tii 1 (1;) rrt ii , rt Ii> j''X i .w ,h ' i t co lht i mlI
ril it eIte i I tIm, ho ,i pti .-. >' a) r vt I (I di l cip 1tiv s 1 co I oar'n

ipp L~i junJ a'1; 11 ieh-pr'';i!rL' sod i 1:1t 1 C ps '')pt tltX I hic dICS I i eJlitlIy
I ' 'fFi C i e t

Ilt is 5t't'; t ion ltrtst'tlt" BAI)il I i't'(ofllht dItnat. lItS 101-i 1 I ti n i t ion
illt ot;IsL it i L'.s and t VI'I t' M I i cl t it l ' s t 0em1.



6. 1 ILLUMINATION LEVELS

For safety, thle minimum recommended maintained main deck

ilIlIuminat ion l evel. should be 0 .5 footeandleCS.

For h igh tempo , 24 hour/day-tvpe t asks as 1 i sted , the

recommended main tops ide pier illumination level ,hould he, 5.0
too tcandles.

6. 2 LIGH ITI NG SYSTEM

The1( use of pole-mo un ted f ixtl-res inl Clus ters is recommended.

Thie iilluminat ion fevels recommended May be oht ail"ned with

s;i\ s tanda rds for a I ,200- toe t -long p ier . 'li ese staind a r(s would

c"ich mount eight totwelve hiigh-pressure sodium fixtures at a

fifty-foot height.

Sect ion 7.0, Computer-De'VelopeCd Pier Li ghtinug System,
presents yen f icat ion thait the recommenlded ill umi nat ion levels-
canIl he attaine.d bY such a system.

Mhen a 1 ight jug system is des igned for a Spt'Ci fic pier

install1at ion, thatL des ign shiould LIprovide deck I 11 uminat ion atL

least equivil ent to thek compIuter-des;igned Sstmdepjicted onl

Draw ing 19, and with equivalent components shown.

Tile ILumina ires.' bhW e c ircuiited to Allow for select ive

I i gh t cont rol appropriate for satfety , sh ip berth ing and hi gb-tempo

requItirements.

7 .0COMI'TR-DV EOP I )IER L1IHTING SYSTlEM

A computer program has been 11p11 i et to deVelop1 aInd ye rify a
I igh t ing des.ignl for a t xpical berthing pier. Seve-ral cases, were

anail vzed and the reS iii t-s are pre'se ntedi on IDraiwi ng 19 which shovs
fotcud elilht levels whl ic ci geneLral Iv meet the de-,ign require-

mnts; taken from thle p~ier 1 ighlt ing recommendat ions. Improvemenlts
in this de1g1aepCCile Ic iIa ntbe opt imized . TheIL

li i ght I eve Is shown can be read ilv aWh iL'd us ing, fi xt tres I MPS
aind poles wi i theh prograimmd Cliara',cteLr i. sies. ind ica ted .

TheC Oh 1 eCt i vt0 of t L' I iI ht i ng ' s\'st e'm art' generaliI lv 1place

ain aiveragt' of ').1) foot Lan( Ies e I I i gut on a I ar'C a rCa 01 thle

1pier wi th smoetl hlIv \var,' i ng i mt tus' i t V' I eveI' Is p] ace lower foot-
candle I Av si tht' eulthblard tuti Of tIn(' p iCtr; Usc t'nt'rgv"

econemicil lv; and prey idLt' al lI I ht ill' gsytmW ith idtlUlte

k4



lighting for multiple tasks (thereby avoiding the future need for
temporary lights). Tile lighting system lends itself to be con-

trolled using programmable controller logic for selective
switching to further energy economizing. The design is hazard-
free except for the six pole obstructions.

7. 1 COMPUTER INPUT

The computer program is des igned to store statistical
data which characterizes tile physital components used in a
lighting design. Manufacturer.s' data was entered into the
program without establishing the merit of one over another.
Thus, the stored data was not optimized. The number, type ind
wattage of the lamps and tile aiming points were altered durini
numerous computer runs.

The principal input data used for the final computer
run consisted of:

o Six poles - 50-toot long at specifit positions
a lone c. ither side of the pier.

o Fiftv'-ont. - 4oo)-watt lamps in fixtures to give

vlir',ing output phioLometrics.

i Four - 100-watt lamps in fixtures to g ive varying
output phitimtt r ics.

O Separate aim points for cacti laminairc.

, A dock dimnnsion ,f1 1,200 fe t b 8(1 feet.

0 Instruct i,ns ,, read footandlc levels at 300
points on the deck and 50 points through a
vertical section textending from the deck to
40 feet abovc the deck at the 920-foot point
along the pier.

7.2 COMPUTER RESUITS

Drawing 19 presents tile computer-drawn li ght intensity
curves from tile numeric printout. This sample berthing pier
lighting design demonstrates that tc,Iign object ives are reasonably
met. good Ii glilt iu has been ae1ieved us in) 20, 800 watts. Further
analysis of this design could be conducted. It is possible and
practical to observe light lewvels and patterns resulting from
luminaire programming, i.e., selectivelv turning: luminaires on
or off according to light requiremeints of various tasks.

I 1- 10
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The primary reslt. Of this computer-designed lighting
svs tern is the demonst rat-ion that a 1,200-foot by 80-foot pier
canl~ he lighted safely anrd adequLate lv with a minimum of tops ide
interference. Additionally, thle use Of computer software in
l ight ing system design has a broad appl icat ion as an analytical
tool 1. It can quickly and accurately e~val uate system economic,
light intensit ies, light control and Other design options at
minimum engineeLring costs.

8_.0_ RESULT-S AND C-ONCLUS-ION-S

FiiI i a rizat ion w ithx present -day l i ght ing sy stems onl Naval
pierswas etiied thirou.gh a visit to the San Diego Navail Stat ion

and1, t hrrou,,h tel, phlone' ceuvcrsa;t i(n. w ith other Naval stations.
Hicre, is,- :rn obviou" L"Ick til stLindard117 itijen aimong the types of
l ight i rig,'; sv-,[teu1I. int Si gri i icilt. vari;it ion in tiule i iht ing levels
&T p I eed b) tire( v.i r ions ti- It ions.I

Niv I irirl il( inldr.;istijll C Ols itled to pryIeconsist-
:1 1 i n 1 , 11 e11 1t th u1 s~ r1 ( ' ,' I i' V t i ( g I k ve'L I S fo)r th 1L'V 'Ir i0LInS

a s t c cr e, o en t 11 v i e rs. 11 dnkns I-,' . pe rIO V n~ t)k o r
ii i tik u 1: uds \'iseuuph yedto Oht ainl ONle rccomimendeLd

in ~ ~ ~ ~ ~~~~~t i l: ~ )~f. n sfr eve rai 1I ivhit ing I eve s aid
0ut ft rihe I ii -t:p k.

All evItuuL it'l 111 the- nIUMCltln types 01t 1 igiJt inc ;,Svst ems thalt

t i I 1 1 i te ~ I r.: i ' : l i L I i ox k t h i i ' tl rxx s I ,i ida t2 r a s e tc I c -i p i t

s tipper-t Liliv 7ftlu ti ill(--! - xt ire- ilrraiv., CO11 d be' ooae n a 1,200-
Fet-eiopier with niirixl initerfe.renice with either act-ivities.

fiformat ion obttited from tiL leIi ut ing fixtulre indust rv
indi cites that fritu're 1 i gut i i:imrvresW illI be e',sent tat 1\,
in tire L fft- jen1'- Of f-ixtures- inten-ded for use in multi ple,
h i gbI-el(evat ion ap a o

A keompu tvr ized des i gi demonstrated tixat s triLtab 1 e, tun iform
I igr tjug eves xif b,- prx')vIdtll. Flie s dtm(epicteh oil Drawing

19 ises six 50-foot. Standalrs Wi th each suppo~)rt ing e 'i ght to

tWel I e i gi- )ri slresUl tiFix t xres '. An is'o phio ta1 plot was
Cfluhui t er-ge~ne raltcd to d isp1lay thle re, tilts (see Drawing 19).
Portable urnits are ne ithuer reqiired nor re'conumerided when thle
proposed system is adopted.

A compute r-generated vertical sect ion of the li ght ing
levels above the deck is also given on Draw ing 19. Tb is shows



- w -- ---

that a loading operat ion using cranes will have uniform lighting
levels at various elevat ions above the deck level.

.. ince the standards utilize multiple fixtures, final designs
caa prOvide programmable switching to obtain the minimum
recommended overall le ve is of 0.5 footcandles and the maximum
recommended 5.0 footc and Is for high-tempo areas with selective
redCction of lighti g htvcls for berthing operations.

Al though cons iderable aidditijonal work would be needed to

achiovc a final, optimized dcsig<n for a specific pier installa-
tion, the compiUt cr plot shown cliearl' demonstrates that the

light inteI nsitV provided is both re isonably uniform and complies

with l the recomtunded I llumination 1 ve is. The h igh -prcssure
sodium fixture provides an acceptable quality light of high

tf f iciencv. Final lighting des ign for a specific pier can be
compute r-gne rat ed to pro vi do an infinite varietv of solutions

for individual appl icat ions.
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DRAWINGS

CATEGORY DRAWING NUMBERS

PILE-SUPPORTED PIER 1 THROUGH 5

PILE-SUPPORTED PIER ALTERNATE 6 THROUGH 10

FLOATING PIER 11 THROUGH 15

CABLE AND HOSE CONNECTIONS 16

MODEL FABRICATION (MOCK-UP) 17 AND 18

PIER LIGHTING 19
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APPENDIX A

TABLES

s TABLE A-I - SHIP SERVICE POINT LOCATIONS

* TABLE A-2 - TIDE PLANES (APPROXIMATED)
IN FEET AT SELECTED NAVAL
STATIONS

* TABLE A-3 - LINE SPACING (UNINSULATED) -

CLASS 125 AND 150 LB FLANGES

* TABLE A-4 - LINE SPACING (UNINSULATED) -
CLASS 250 AND 300 LB FLANGES



ELECTRICAL STEAM POTABLI

FF- FF-F-
SHIP CLASS AD-41 1052 DD-863 CO-47 FFG-? AD-41 1062 DD-O83 CG-47 FFG-? AO-41 FF-

1052 062 D-41 1012 DS-4

3 
4

DECK NUMBER 02 03 01 02 1 01 01 02 4 1
3 4

4

24

100 49
FRAME NUMBER 84 237 280 219 103 306 299 "283 13i io0 m

o 126 106
75

209
o DISTANCE FROM -95 109

a -8 -12 29 -30 -56 -57 -49 -94 -219 -35
MIDSHIP (FEET) -199 -119

5

28
26 15

HEIGHT (FEET) 30 47 25 35 16 26 25 35 15 16
26 15 15

3 
4

DECK NUMBER 02 03 01 02 1 01 01 02 4 1 |
3 4

4

24
100 49

FRAME NUMBER 84 237 280 219 103 260 292 285 130 103 2
131 106o 77

DISTANCE FROM -95 109

MIDSHIP (FEE -8 -12 29 -30 -56 -11 -41 -96 -215 -35
-ET) 219 -119

_-3* __--____ -

28

26 is52

HEIGHT (FEET) 26 3 47 25 35 16 26 25 35 15 16
26 15

15

MEAN DESIGN
N/AN/A

LOCATION (FEET) 2 25 N/A 62

MAXIMUM SERVICE

OFFSET (FEET) 3 N/A 13 N/A 51 N/A

NOTES
THE MIDSHIP POINT 15 TAKEN AS ONE-HALF OF THE SHIP'S TOTAL LENGTH ALONG

THE MAIN DECK. THE DISTANCE FORWARD OF MIDSHIPS IS SIIOM POSITIVE
(NO SIGN). THE DISTANCE AFT OF MIDSHIPS IS SHOWN NEGATIVE (- SIGN).

2 THE MEAN DESIGN LOCATION WAS CALCULATED FOR BOTH STARBOARD AND PORT SIDE

BERTHING CONDITIONS FOR ALL DESIGN SHIPS EXCEPT THE AD-41. 1

3 THE MAXIMU SERVICE OFFSET IS THE MAXIUMI DISTANCE OF ANY SERVICE POINT /
OF THE DESIGN SNIPS FROM THE MEAN DESIGN LOCATION (EXCLUDING THE AD-41). (

DiIO



POTABLE WATER SALTWATER SEWAGE OILY WASTE

F-FF- FF- FF-AD-41 108 00-13 CG-47 FF0-? AD-41 1 DD"O- CO-4 FF0-? AD-41 1062 D-"03 CO-47 FFG-7 AD-41 052 DD-03 GG-4
1052 1062

3
3 01 1 01

4 1 01 01 02 1 0 1 3 0 3 1 01 - I
4 01 1 01

24 333 45 190
13 Io0 30O 243 285 103 3 254 148 - 173 148 103 191 - 216
75 106 311 12439

209
209 -84 90 61

-219 -35 51 8 -26 -56 - -65 -287 - 16 -287 -55 72 - -26
-119 -120 -JOB -129

28
28 25 16 25

15 16 26 25 35 16 2 15 2 6 - 17 26 16 26 - 16
15 25 16 2515

3
3 01 01 01

4 I 01 01 02 1 0 1 3 01 1 3 1 01 1
4 4 01 1 01

24
24 274 45 190

130 103 240 243 285 103 254 148 197 170 148 105 184 - 215

77 106 341 124 3D0

209 -23 90 61
-21s -35 9 8 -96 -56 -65 -287 52 19 -287 -60 65 - -26

-3 -119 -90 -108 -129

28
28 25 21 25

15 16 26 25 3. 16 15 26 26 17 26 16 26 16
15 25 16 25

15

N/A 52 %/A 72 N/A 73 N/A 41

N/A 44 N/A 49 N/A 56 N/A 23

'N,

I



OILY WASTE COMPRESSED AIR FUEL JP-5 FUEL DFM

F- FF- FF- FF-
1052 DD-S6 CG-47 FFG-i AD-41 1062 DD-63 CG-47 FFG- AD-41 1062 DD-963 CG-47 FFG-? AD-41 102 DD-O3 CG-4Y FFG-?

3
01 01 01 01 01 02

0 1 4 - 1 02 01 01 0 02

4 01 01 01 01 01 02

24
191 59 55 191 191 133

103 191 215 75 286 282 126 116 1 303

131 377 131 116 398 377 284

209
60 70 65 65 60 56

-55 72 -26 5 -37 -93 -199 -52 60 -114

-219 -126 -219 -70 -149 -126 -95

28
25 54 31 26 25 35

16 26 16 15 26 35 58 26 - 35

15 25 58 26 26 25 35

3

1 01 1 4 01 01 02 01 01 -01 01 01 01 01 02

4 01 Ol 01 01 01 02

24
191 59 55 184 191 133

105 184 215 77 91 286 282 126 109 303

13D 377 131 109 398 377 284

209
60 70 65 65 60 56

-W 65 -26 -3 -26 -37 -93 -199 -70 -114

-215 -126 -219 -70 -149 -126 -95

28
25 54 31 26 25 35

16 26 16 15 25 26 35 58 26 5 35

15 25 58 26 26 25 35

41 N/A 65 N/A 90 N/A 101

23 NPA 14 N/A 37 N/A 49

SHIP SERVICE POINT LOCATIONS

TABLE A-1



TABLE A-2

TIDE PLANES (APPROXIMATED) IN FEET
AT SF IECTEI) NAVAL STAT IONS

77

IAST COASTl-C. -

).,\ I1.. * <.I, ,.

-V'P RI 1 lo R,. I ,. 1.8 1,, -0. -2.6

NIA 1,O') l)(} , C I 1 1. 1 2. 2,0 1. 3 0 -{ .- . }

Nf11 '01 I,X!, VA 10).( 0, '). i 3 -0.- .

Nol\Fo K.. VAZ.)i . 0

. ())..

L ! Ill : C !.!:K, VA 9 .() 2 . . 3 (. I() 3. 0

CtRI FS.I'ON, , A:.3,.6 . 3 (A -1(. -2.

ACK' oNVI IA, , !' .4.1 2.I .) 0 -o. -. 5

MAYP4Oi ,I "I 7. 5.IT .- 2 . 1 {A -{. - .3)

WEST (:{ASUI-I'. S.
I)ATUM- M. I. I. . t.

B R E M F , R IF O N , I A I ' ( . .1,R.7 11. " 1A .8 6.8 2.8 (A -4.5
( PORT ORCRD t<))

TACOMA, 1W.A
(C{0'M.lN1: CEMENT 15.5 11.8 (O. 6.8 2.8 { -4.-

lAY )

SAN FRANCISCO/ 8.8 6.4 5.8 1.5 1. (A -2.s

AIAEI)A, CA

LONG; BEACH, CA 7.5 5.3 4.6 2.7 . (A -2.

SEAl, BIACH, CA 7.5 5.!4 / 4. 7 2.8 0. 0 -2.

SAN DII ;}), CA 8. 1 5.8 .1 .W t}.4 ( -2.6



LINE 36 30 24 20 18 16 14 12 10 8 6 4 3 2 11/2 1

SIZE

1 26 -2-2 19 16 15 14 13 12 11 9 8 7 6 6 6 6

11 /2 26 22 19 17 15 15 13 12 11 10 8 7 7 6 6

2 26 23 19 17 16 15 14 13 11 10 9 8 7 6

3 27 23 20 18 16 16 14 13 12 11 9 8 81

4 27 24 20 18 17 16 15 14 12 11 10 9

6 28 25 21 19 18 17 16 15 13 12 11

8 29 26 22 20 19 18 17 16 14 13

10 30 27 23 21 20 19 18 17 15

12 31 28 24 22 21 20 19 18

14 32 28 25 23 22 21 20 ,MIN'

- 0
16 33 29 26 24 23 22

18 34 30 27 25 24

- -- - -0 0
20 35 31 28 26

- 3 - - CLASS 125 AND 150 LB. FLANGES

30 40 36

36 43

NOTES:

1. SIZES AND DIMENSIONS ARE IN INCHES UNLESS OTHERWISE NOTED.
2 MAINTAIN 2'0 MINIMUM LONGITUDINAL SPACE BETWEEN

FLANGES IN ADJACENT LINES.
3 ADD INSULATION THICKNESSES FOR INSULATED

LINES AND FLANGES
4 SPACING FOR 30" AND 36" FLANGES BASED ON 125 LB

C I ANSI B16 1, ADJUST SPACING FOR OTHERS.

125 AND 150 LB. FLANGES - LINE SPACING (UNINSULATED)

Table: A-3

4 l '' lI II II , .. n u



LINE
36 30 24 18 16 14 6 4 3 2 11/2 1

1 28 24 21 18 17 15 14 13 11 10 9 8 7 6 6 6

1-112 28 24 21 18 17 16 14 13 12 10 9 8 7 6 6

2 28 25 21 19 17 16 15 13 12 11 9 8 7 6

3 29 25 22 19 18 17 15 14 13 11 10 9 8

4 29 26 22 20 18 17 16 15 13 12 11 9

6 30 27 23 21 19 18 17 16 14 13 12

8 31 28 24 22 20 19 18 17 15 14

10 32 29 25 23 21 20 19 18 16

12 33 30 26 24 22 21 20 19

14 34 30 27 24 23 22 21 2
MIN

16 35 31 28 25 24 23.,

18 36 32 29 26 25 -

20 37 33 30 27 0 0

24 39 35 32

30 42 38 CLASS 250 AND 300 LB. FLANGES

36 45

NOTES

I SIZES AND DIMENSIONS ARE IN INCHES UNLESS OTHERWISE NOTED.
2. MAINTAIN 2"0 MINIMUM LONGITUDINAL SPACE BETVEEN

FLANGES IN ADJACENT LINES
3 ADD INSULATION THICKNESSES FOR INSULATED

LINES AND FLANGES.
4. SPACING FOR 30- AND 36" FLANGES BASED ON MSSSP44

ADJUST SPACING FOR OTHERS

250 AND 300 LB. FLANGES - LINE SPACING (UNINSULATED)

Table: A -4
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A-PPENIIX- B,

G:AL LERY CONC EPT DEVELOPMEIN I

1o es tabi I ish a beg innling po int to tlio Brown ~\Root Ocvvol opulent , I no(.
(BARDI ) conceptuial des-ignls for the Ut iiit icS gatllerv , we rodvt-t-
tho requi rements ['or LIt ilitelOS and dcternitL-nd thait c.tb i tor
woulId be Lte Most conS;t ra'ining to our desi1 gn . Conse-h nt-nt I v , we
dC 1 dod to moet th~is roq(U i rLeet finrst, wilc It it iIIll- - r in-o t'iL
aCCOmmo 1(dat ionl 0if the other tit i t tos . In rinlves t i goIt In ll evtri I
meIthlodS of Celect ri-alI cab le storage, our in tenit loln wai to, Lit iiI7.
minimum of manual ef fort to handle the cable.

kerviowds eni ei orunt methPods titch a)s i Ji ing I r iiu)

mecian ical IaVdOWn and Mainual ILavdown . Fo lkn idic -I) ,We

os tabi ished three methods (i1 storag'e wiiCh would be. uised on e ittitr
thle upperI or lower tdec k. Ouir in i ti al reict ionl to iii Ste methods was

that they Wee -c lusI ior intensive ii tlie, o~1st ig) hand I ig met beds
and would prov ide 1 itc ieIm;ro\-omlTit.

[17i1 medihan ical [avdown me-thod (B1 ur -') sl "v a tI ited in an
;1itteiipt to I imai t th lie ne d for !uialihi mid I i i<l s it Il ti tI Iii f m lOr

x o- i In i calI s VSt o -M! . [o r tii is tulict'ft , I al %,, svt , m wo r, 0 jutd ufn
tiio lower dec'k. il ie c on1ve\,o r aInd t!I(, :2unolri iisise I cy!e0 ile h,
ittd for ContIant ii Ii 1 ti g il up i 1 ii i it : tiie ,bIu i it o ids) wh ch

Was- Li separaite rats; or cotive'vor. i110 P uck- -itid-t Ikl 111 mi.-thou com-

hitI 1(1 hilinl Ii~l' I ij ItO rapto mlils to fifu U hcr rt'diUCC c is t antI It nd i in,-.,
Ptese easOf caP lt 11e hnd I in", A I Ircolki red miehait Il ste5Whiiclh

were not reid i Ix ivai Iii ILc and torU whi i h i t con I d he di ifI i ci t to
]iC alve in effic ietI (test gn.

( ur thlird concept (Figure B- 3) was too .i P1 1 i I V tile p r-Oe lt ITueiti 0(1

Of ('iii]e handl ing . Al thIough the( cabile-; would till ] hc htandl ed
iuanUai II y, We felt that W itli thlt aid Of a !uov,-b e ocratio and withi
dost gnated storage loc-atitons, damage to tite cables and the labor
req i red to store tht em Won 1( be red need . 'Aith It I0 met liods ill
tminid, we conecluded tha t aml or gan ized IiV dOWli1, is- revieowed in
Figu re B- 3, conu1lI be emp loved.

Ini roviewinrg the reports suibmi tted onl the pi 10-supported and float ing
pier concepts, we felt that the floatinog pieor would be a gooid starting
po in t for conceptual stutdies ii it to itSw W1 i-us tabl1i slied dimins ions.

lie elevated walkway concept (init iated iiy tILe T. Y . Lin f loat ing
p i or s tudy) would prvi IC oXCel lent personnel v is it)i I i ty oif all
decks and oif the ship whitile peirforming thte siip -onnect ions.
Workinig with the rack or tray concept for the float ing pier (Figure
B-4) , a tray was located at waist height above the elevated walkway
to store the cables in an orderly fashion. Tite cable would be lifted



i rom, or 1p] aced i n, tlit' t 1_nV W th1 1 tLIL' 0is f 3 aMob i I tc koo t- pin
in1 th11i S (onrok'P t won i s1)c i is pcindc I'd I It -dr tlI I k waI] kwilv w ith1 th 1L.I ec
t r i k',' I C'OnnIC't ion bOX 1 OC'tcid i10b cv 't X'oI s'ctl a~t ijg tilt two

servicL- s At rlI I'( a 1i)rop1)rit t L''Ait IIo1n. t hc I pr. pIin ii

Vod 1LSW On] d po0noCt ran't t11t' WA I k W'.i\ (i )ntl Itf- ) . iiis I :td hiss110
woul kiI(Ib stored] i n t rays i i Ii to tho.- ut I or tilt cI ,(t r it :1I
cab 1l0. 1In t 1 is- c'nlot * th I' 'r (1c'j k s .'woui I it f Vk~ 0i' o i !W
gil I I rv obstruct ios , And , '> *' I Iv C'C wonk ci ro m tIit,

Lippi' r dock.

C I i L i L' i oilf tli is itli ';tt .iIO o ll tilt, Iii~ ion of tilt' p il; i'1and

Lilt, rg ofV tI'hOs' Ind ,i Ic>e I. Pili ]I,, ilSpelldcd Vrol]i the~ walk-
W,1iV WO LI I hi tit (I i I t. vo i n I rep I icti and tilt, t rav osi'd
'Otont iI a It'd-;s gl prob I cms i n ho]I d i ii- nd s- ipl po)rt i iig t I](' WO i gll I0)1 t I I'
lioav,' , I toi t rica L' IlI C )1(

Fo answ.'r t Ii' pro I) 1' L of7 )I tithLI .t r i c:iI crib I o t o rat' , w conIS id.'red
Lls i ng-, rk-t Is o Ill- I) intl B- I I Onur rio(' -tLidi(--s conS ido rod
Vi XL'd anld rnOVah IiC rot( I S10 I t Ltod In I I i tho1k'r th I nppok1) 1 ,r o r Ioweor d ock.
11' fVColt tllit OWi VI Isod rIo SOn CIO ]'s'tr J~ck irriumod in paral lel
oftercd tilt -most pronti i ig uo i ion .

lItI o L1itV i 411r'lit) 1o1 o I i kh~i it tilt, rt'ol Io, ;t. ion ( Figtire i>12)
1t'to h(. Ait(.r, d in l r or to 1 o roomt for tlto ri ,, . ' I e p)i p ing-

W 0, -~t.,PCIIJd, OVr' tlk- XLII i ctii ir :icccswav to hi' a'co'';, i hIu' fro nt I

to1 t ruck. MIt! im t W I;Lt t Ilk' c~ihltl rc'ol COo'Ipt , WC' felt thit
uotti itv hits,; cotl d i Io Iw -;tored oin reels ni~ St tot onll iose

,tat: ion I F ,I nrc B-1 I ) .Al I C1h 1) 1 mod Iiosc r('CI-i WOti d bie reot~tved
for ocrv'iuci tltrotiilli Iremovail' hait ii on the tipper uirk.

ti h I)C I it'VC tflhit t 1tW rio L'( ' CO I I k,1 )t. v:o an t I ;Id it( k1 tit so 01tI t i k ' t o s; t o ri o-I

t In I' i ' 11 )ItIt t !I.! t i t s- tl I d rib( t1i ILr ti r thte r reso(,i r(i h Th'ei 10I o t !On

of tlli' p1 pin. Wsi> nIot Opt i :s.t I I or ro'pa i r' md so(rv i c and thlitnoses

w o (I I l(1 r1) h I) 1 v hi di V IV'i cI t I t rILL r I s i n' sCL ' i osos, liiVo I i,,

bend i op rid i i V1 L, ri'ltLL'ilt It' LIi'Lk itA tb1 d id not p'rovi de tilt, most
doks i rib I t mt t iLL VLd or rc :'o,';i I ot I: o r(oil.> s iflfi it: would weakeni the
dc'ck whl i t is (ilt j(L'L' t't L i'Ltiint rntcd Iloads. Wi th tliose po ilts

i n ii i n], tll1L' L' Ii otIrica I I-'. (1 Ph tre 114 ) W'is rt' (I gooCd t o

piL' i'! it t C h I r i- '[710 Xic 1 ') V of ri I Vt in dir OW 'I It ti]u ar iL''L'555,i . Pi p)ing
W i - ri Cti1t i'd Zintc' rtlii W Ia I\ 5'i I 'riL' i t LCLI tI ;t r Li,'Ini zed Vo r

down tIrcti i ,,II ro B- 1 in 1)~ 1t. Z1L1 ( 1 th V rolt' I, TI is concept provided]
amiipli Itt I ow-tk -4p I,~ i F( i ii ri's Il-1,I ( Ind K - 1 7 f or pa irki ng s tiotr I gc
o r litI ow -Ii kk Crv SLi' tIi'rias.

1) i f t i I t IIt> '\i 1 is Vi( to rcSO ' 'i LC' antI repai 11r t f t lit, p ipi nev, tdu ILkr

tlit- I i mi toil lti'd rioomni nd s p aicL', w;a.-s iga I i an-11;i11 Iti~t vii) 1co Ltbs tiac Ii',.
Lit IlLwas a].- sIIo r : i soil11 aoutliii t 11 'f it' C'O am VnaCt'id 1;1 t i 0Tlia I j t V' i0 f

cii fli, t' s L' t.t ii()Tlus dIiti' t. ot thi'. I evlt. toim1 cli an gcos . I Ii :Idd it i on , i t
WAS i'. t i onk.d i V tilti' wa I kwa's, (,oi I (I he stL rnct. nra I I v de-, igned to
smI )potr t ti I IofLt V tI c1 jritpo-,i -udI ct t.I i t N' ant(I (qII i pmn)Len t
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AS WC' hOCI'aii mon'r famil lair wi th the f Loit i ug p ier concept , wt. real i zvdt
thait h e c i LISOe i L s 'li~rons ( ii]ens ion., i ton 11i 1 ai C Ipt ZI W il(t' VI r ikt

01 Cti i I poen't airraingt'mt'ts thls woiil (I no0t nk-teess-ari I v work wi t t ht'
1 i' -sulppo rted 1 i.r .

ConsequIIm I'.', We reet.vai t i'-d our ljippr0,Wth and began working too iii'vt lop
thle p~ile-supported pier des ignl wi Lii itsL more stringent res;t raliult.s
lilt S01 Lit ion COUlil then1 he adapjte.d to the f Itiat ing pier. Thiis
approach woul d rtisLLI t in al %-st'nl1 thatt Utilized equlipmenlt and
IMaterja iS (e0ommo1n to hothi pier COllct'pts and would, cotiseqnentLIV, * he .i

I essconii I tedsys teml to i flpi' elfent andsrvi.

In an at temptL to c.tah1 1511 addit i onal elt-ctit al cahble organiin), u imi

haznll iug meathods , we. stud icd tile concept of at tachi inp th, cih V to a
meel11iill l oath i up arm or boom (Figure B-6.. ii c(oldt hb p :ict-d o11
either tile uppe)Lr or lower deck and would total 1v cl imina1tt' tht. nt id
or manliand I ing tile cables.

In our illit i a I at tiellilit (I* F ie cH-7 ) , WL' I i)C~tLLd the hoom oti tiL upjs

deck as- :I coilap ibie irt iculiattl truss- wh11ic'l could ti.l b" h I oitat'ci
W ith :1 111111) I it' rilli'. .. 'A I I Ci itt c r iii - i olI11le C t ion 0 ol ii Sh1 )e Illi. I ( 1i t 1)

u p per J ec k, pc rm i tr -t I tI is 4CI'I ll''pt to h0 adapL)(11)ted to0LX tx 1s Ilt- i cirsL
Pi p1m u F inlr B~'i-S) i..'Oll I "iD' IOlt'i l in a iIast. ill tiL'lt I wur tik'k :1 i1d

tile 1il-t' Stalt i~llt- WoIkli ;1 ais-41  L loc-;ited on tOIt' Uppi' r dt'ck . .\ut oh L oi-

ionl to0 this t'i)lttilt W',s'IW til' pllra i'I ,,re to Iiavt' 1i1)pp Itik

XiI Ll i t ioii,ii Iii lt i Ii iz il tilt(, art I i Il ltt'l t russ (i utl 19
I Oit cIi-L t 1.1 i ' 5t''k'i't. ) 1 L'. ti u1pe r de ck a nd p1)ro)v id(Il aIn opt ioll]

I ;\'d)WI le.,or tt':lc o tlt' arTt i ci ted- tru-s to ma ilita in a

Cl tar lii'iiil eck . Pic'm rill t'r oni'i'n sithI thiis concept was the
opciat 10 'In lit"t 1i I it', %,1 tilt' truss, wich woiuldi rilili ri t it-dow.-
1-o r -;t iii i I t'1 nid 'Iid 'lddlt iolllIahot-~i ~l pm-j~i'nL t1,1 iatWO ill

St''.'re1 OIL ki'tmttl ipp-ir deck whein in p1 a ct'. Fillrtiler. i t wa s

tdIc t i' r i-i i ii c t hjit Lt is at' mt ild WOnl d nilt hi' Cl fIcit iW i'nf So' r\'i C inl.'

Re tur 11 -1l tO tlit rt' I C'O 11'Coilt W Q f' tIt tilt lh is; Was tt' mos0t

10.si t i Ci Ci I L storic, mcttiid I It p)ro vi doied for ordlir I' strat

,id :i I Iow. IOr (11to111k rcmo va I and rep I acc'mt of damagred e~quip-

mlinlt . It woii b, he oi'-tc~ hi' low deck to siit is;f thu' goa ot a

C' I ia r lll'Cl dicck.

At tilt' t' Ii'tt r i Il] -,t it i015 ([iuireL B 1 8i) . cabl It-, rt-e .4Oiitld taci

coti! ill ()lit' or tw, W il I t,; ind WOUI11 (I hi' I oct';l n' e lixt to l i'i01 ii'-

tr ia- I d isL I- jolt ioln box ( Ii 4utri' B-'20 ) for each o f those cab I ts.
li'[t ca '11 W c mli he b I ifI t Ld o ff thle reCL I i, tranm' and connect ed to
tt. I Ii -,t riiiit io11 box at alproXiM1tcilV waiist height for ease of

11.1l1d I i ig. lilt'11a)] -- wouild tihen rest on thle guardrail and would
ibt' re:t rained iii p1 acc to re'l tv the connectors tf tit stressi's
lilt' to Sill 10VU'1i'lt i anil 'ab IC wi' iglit
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Pi )i ,c (F igure' B- 19) woulId bhe loca;ted uinder thte walkway , penet rat ing
it where requti rcd. Hose storage was provided on reels for the

ma. I I r hot swi iteIarerhsspov e from onsto re storage

is rotq irid.

Re'View Of this concept showed poor aictess Ior service and repair of
t, piping and problci es Witdh the( removal of til cable ind hloses,
tro:- the nts ilt( to the prtlximi tv of tii( walkwav anti the resulting

t iIIt s:pa c I'li, ide-a ( tit' n ool% onc or two cah"t 1 e L pr reel
-iitrtC.I ttl ' di ICLt ri( 1al sitat ions over ai distance that was not opt imal

Ill -Illatt~I to I octt t lltpip' i for hot t tr t-Cgi ir arild SLiviCii
Ii ,ur li1t2 11U , Wt, t-s~ih I i. shed ai -;cgarati piping gall IcrV With tmuch
,Ie piil uc Ititateti it tili-lttwtr-dtck Iove l aild tlio ronia inder

tt,itt-l 0ttl li lnttnrior wsil Is. I'lil trov ilet acces's to tiiW lpip'

Irt: tilt ViiiL'il and iciac:\ n i i inl ittd ttiits, it o tlst r It ion.-;

WiL i1h:111dt10iid till wi ov i sIlkwiv CO ucejl t 1)1'( ;lso-; Of i t-, I iliitat ions

anld lo",tate tilt'tiperat iorial :irc on thel I owin 1,ck. Act'tss to thi,
'a1b 1L- reels, - was1 K' frk I i f t thiIroic1i tt V'oi "IlirL aiC-'t's\s'jV .

llt lo' I1t ; ta l i s 11 k ct' 1- i t llalt Ld ' 111 01-I11 t I i t li t r d LtCk (5 -lcdm I o ir t o
F i i i rt ( 1-8) w i tiI tioi hot' 't r(~ of si L'I id ihro ii--iit iin as
rcq ii i rodi

hi" (_ i iii I 1 t1' ii i is ollO 0 ) W5 11 tL t 10 opt '15 I t Oi I t1 01

IIt hs - ut t ktd 0is tt r 11 t n' go 1) t i IIk t hoi (' 1OWL'Ie I ict' k . Wo
it 'mi.dtha-t locatl in :11 1 gi il on i W10W 'L ove koi Wi tIt c s

th p ti lgi' soil ii hC a tics i rabIca'rin't il . In aidd t ti, tilt

I hII t i 0dt -k -sta.it i oni wis, tout nar I-Y to0 tlii' I ta ir tuppe)(2r d L'('k ta
AI t IIto LI II th iiW ss I l,it Ii d he s t o ried o f I- ,f t ie, p) i or to or s nh aI
Ctit , ItC'1 , W L - ICIi t tii aIt in T rcaL, I i t V t ih L Ili ',ItIt riot h e rinoveil , huit
ci1t ic r lt t on t lie1 pievr , 'aiuts i rig_ toot irii M, ~ I utLLter on tilt' uggor
tl Ct .

Ill o rdi r toc I Io tti teC ho0Se StAtL ion LS i 1 the ttllerat itlna I a reas of tilt

lowter dhock wlii Ii k-st ii I 1p)rov%,i tI i til you vei iiil a r access , we t It e mtlol te it

new 1)ip1i ng cl4112 crv ti thoard o f th e volt i cuI a r aIC C lsswav ( !-'i gtrk 11- )2

'Ilt i s permi Vt ted (is Ito ruti Llte 1) i 1)i rig w it I i aI i iirmum o f h)ecnd S to tueL
hiose stalt itots Fl ur 1-23) . tc'e.,;s front thei vehii ilar ictcsswav was

provideid ovier tihi p iping, hut access Was no0W Ii itoil to tile, rio ls ind
a remtibe hciatth woulid he required tol permi t thir renmoval .

At tempt in g to I imit the need ftor removable hatches, we detormi ned
that if tile cables were. locateid inboard of the piping, ga erx'
(Figure B-24 ) .we could t hen tit ili ze the vehticuinlitr accesswav to

remove the roels . In this concept , the p iping (F igire B-2 5)
would have less diistance to cover, requiring less materials to,
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Review ing th is la'out, we felt that tile gallery was becoming too
spread out for optimal space utilization of the lower deck.

We observed that th, space over the piping at the electrical
stat ions was completely unused and could be utilized to store
the electrical cable reels and to locate the electrical dis-
tribution box (Figure B-26). This provided a means of reducing
the gal lerv width while maintaining pipe and electrical cable
access to the vehicular accesswav. Hose stations would be
located as in the previous concept but would use the outer wall
of the pier for support (Figure B-27).

This concept appeared to satisfy the requirements for optimal
location and space utilizat ion. We then determined the exact
dimensions required by thc equipment and for its operation and
used them to develop our concept (Figure B-28) for the pile-
supported pier.

The vehicular access width was established at a minimum of 12 feet
where walls or obstruction,; occur around the vehicle. The cable
reels will holi ten cables each and will be 5 feet-6 inches in
diameter. This permitted reducing the electrical station size to
more efficientlv service the ships (Figure B-31). Access for
removal will be through the vehicular accesswav.

The piping gallery will require 3 feet-6 inches to permit the pipe
to be routed to the station and remain under the walkway (Figure
B-29). The piping manifolds will be trained towards the ship to
minimize hose bending and to provide for visual contact with the
ship during hookup. The hose reel concept was dropped in favor of
a laydown area. In this way, hoses not requiring cleaning after
each usagt, will be stored in place and not off pier.

Access to the gal lerv will be provided from the upper deck at the
electrical and utility stations by a ladder.

In areas not occupied by the utilitv stations, the walkway over the
piping can he used for storage (Figure B-30). The space between the
galleries could be left open or used for storage, parking or service
a re as .

This concept was adapted to the floating pier with minimal alteration
(Figure B-32) . The piping gal lerv was enlarged to accommodate the
upper deck column . Also, add it ional support will be required to
stabi I izc tht, hose stat ions (Figure B-33). The arrangement of the
ut i Iitv stat ion.s and t he below-deck spaces (Figures B-34 and B-35)
were ident ical to thait of the pile-supported pier.

In reviewing the t idal condit ions wh ich might be encountered at
various Naval stat ions with in the t'ni ted States, it was noted
that the h i h watcr condi t ions in some geograpiral regions
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imposed some construction constraints on our pile-supported pier
concept. Addressing this concern, we reviewed our concept for
means of reducing the overall height for these special conditions
(Figures B-36 and B-37) . This alternate concept did not allow the
desired vehicular access, but did follow the basic arrangement of
equipment and stations established for our original configuration.
After further review, with the concern for maintaining the under-
deck vehicular access, we established a minimum acceptable
dimension for the piping gallery. The new alternate (because of
the limited space) requires that the hose stations be located
directlv above their respective piping, and reverses the piping
IZavouIt with the piping requiring heavy hoses located outboard.
W ith this location, special consideration was required to provide
structural support for the utilitv stations. With this modifica-
tion, we reduced the gallery height by one foot. If additional
clearance is required, we suggest raising the elevation of the
upper deck. We feel that the gallery height has been reduced as
much as possible while still offering the best compromise solu-
tion which permits vehicular access for reel removal.
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APPENDIX C

MINUTES OF MEETINGS/TRIP REPORT

o MINUTES OF MEETING - PRELIMINARY
CONFERENCE

o TRIP REPORT - ON-SITE OBSERVATIONS AT
NAVAL STATION, SAN DIEGO, CALIFORNIA

o MINUTES OF MEETING - PUBLIC WORKS
OFFICE, U. S. NAVAL STATION,
SAN DIEGO, CALIFORNIA

o MINUTES OF MEETING - CABLE REEL
MANUFACTURER CONFERENCE



MINUTES OF MEETINGS

Recorded by: John F. Hamer

Recorded: October 22, 1982

Project: Engineering Services for Navy

Pier Facilities and Related Tasks

UMS.N. Contract No.: N62474-82-C-8303

BARDI Project No.: XF-0025

Place: N.C.E.L., Port Hueneme

Date: October 12, 1932

Time: 9:00 a.m. - 2:00 p.m.

Purpose: Preliminary Conference

Attendees: Duane Davis N.C.E.L.
Doug Dahl
Bob Julian
John Norbutas
Pete Tafoya

Tom Burton V.S.E. CORP.
George Gardiner
Bob Hansen

John Hamer BARDI
Oscar LaCour
John Pratt, Jr.

The following is our understanding of the significant points covered, state-
ments made and decisions reached during the meeting.



Page 2

BARDI submitted the following documents, a copy of each of which is
appendixed to these minutes.

- Project Approach (3 pages)

- Schedule for Completion (1 page)

- Project Schedule (I page)

- Questions (I page)

The project approach was read aloud and discussed.

The effective date of the contract is September 30, 1982. This date was
used for the calculation of the dates shown on the "Schedule of Comple-
tion" and those dates were therefore, confirmed as correct.

The project schedule was presented without comment.

The question period then proceeded with extended discussion, the essen-
tial results of which are presented in the following statements.

The prime needs of this Task No. 1 study in order to best serve NCEL is,
as per the scope of work, essentially to identify the method of bringing
utilities onto the pier in a gallery (s), size the gallery (s), and pre-
sent the best way of providing utility stations. Proper levels of light-
ing and appropriate methods of lighting is the second sub-task. This
task _1hould remain simple and within the bounds of the budgetted hours.

The T.Y. Lin report may be considered an example of the type and format
of report desired by NCEL. The scope of the Lin study was of course con-
siderably larger than BARDI's study.

The distinction between an "open' and "closed" gallery concept is depen-
dent upon the degree of direct access to the utility corridor along the
pier. if thie openings for ship to shore utility line egress is essen-
tially continuous along the mdjority of the length of the pier (allowing
for structur,' members to distribute bollard loads etc.), the gallery is
said to be "open". If the openings for ship to shore utility line egress
is restricted to more localized locations (near the utility stations),
then the gallery is considered to be "closed". The floating pier concept
depicted by T.Y. Lin was considered to have "open" galleries, while the
fixed pier concept depicted by S.M. Johnson was considered to have "closed"
ones. An evaluation of both "open" and 'closed" concepts is within the
scope of work of this study.

NCEL is presently studying an in-house developed crane for use in handlinq_
utility hoses and cables. Presumably a davit-type, cherry-picker type
combination, such a crane could serve well for utility openings which
would allow vertical egress of lines from the gallery.

Loading arms are presently used by the Navy for both fuel oil ar J in
some instances for electrical connections.
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Vehicular access along the lower deck is presently planned for both the
generalized floating pier concept by T.Y. Lin, and the Scheme E concept
proposed for Pier Zulu at Charleston by Gee & Jenson. This access is
for trash collection, cargo transfer, maintenance, and other possible
functions.

Although the "Ship Requirements Data and Pier Desiqn Criteria" document
does not list the CGN-38 class of ships arid that various other items
are not complete for the other classes, the document is the best avail-
able at the present time. Although NCEL is currently enqaqed in expand-
ing the document, BARDI should proceed with the study using it as it now
exists as basis for design criteria.

BARDI should make the selection of utility groupings based upon "Ship
Requirement Data and Pier Design Criteria" document, plus the diagram
depicting those service locations presented as figure 10 in the Concept
Study for the Berthing Pier (Pier Zulu) at Charleston, S.C., as prepared
by Gee & Jenson.

The width of Navy Piers generally varies from approximately 75 feet to
100 feet. The Zulu Pier at Charleston will be 76 feet. The width is
not intended as restraining criteria if it is found that, considerino
all costs involved, the piers should be of more generous proportions to
best accommodate the utilities and serve all other needed functions most
economically.

The pier elevation of +16 as shown in our scone of work will be changed
to Elev. +20.

For any disparities of utility requirements defined in the "Statement of
Work" and the "Ship Requirement Data and Pier Design Criteria", the "Ship
Requirement Data and Pier Design Criteria" document takes Procedence.

Nesting is to be provided for. One nested vessel will be given specific
accommodation, while more than one may be provided for with reduced ser-
vices/pressures etc. and through spare connections which might be pro-
vided. For design purposes each pier shall accommodate a maximum of 8
ships.

One berth will be dedicated for a tender berth.

The utilities listing in the scope of work should include two (2) 8 inch
fuel oil lines (one for JP-5, one for DFM), rather than one (1), and one
(1) future condensate line.

No boiler makeup water is needed, since ship condensate is used for that.

No nuclear water makeup required for CGN-3,R. BARPI is to consider all
other mechanical and electrical requirements for the "Work Statement".

The Salt Water System is used for both Fire and Housekeeping.

Salt water pressure varies - separate requlators may need to be provided
for each station.
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Steam pressure of 150 PSI is okay.

Oily waste and sewage must be sloped to drain. NCEL will provide infor-
mation on what is now used to prevent one craft pumping into another
when discharging.

Sewage hose to be non-collapsible as specified in Statement of Work.

All sewage is pumped off of piers. No vacuum trucks are used.

NCEL does not see future uses of piers to include hydrocarbon fuels
handling of low flash point materials which demands the installation of
explosion proof equipment on piers.

An apparent electrical criteria descrepancy exists in that the "Ship
Requirement Data and Pier Design Criteria" called for 15,000 amps to be
provided to the tender but that the total shore power cables including
feed through circuits could only carry 11,200 amps per side. N.C.E.L.
will verify proper requirement and notify RARPI.

The requirement for 4,800 amps to supplied to a DD 963 class ship ap-
pears to be excessive. N.C.E.L. has been pursuing verification of this
requi rement.

Ship requirements data and pier design criteria for the CGN 32 is nre-
sently not available. NCEL will furnish data as it hecomes available.

Electrical power requirements do not seem to be met by the number of
cables called out in the criteria.

NCEL will provide the low voltage power cable specification.

NCEL will provide a list of standard power distribution transformers
with 480 volt 3 phase secondaries.

Elemination of the storage of cable on the pier deck is essential.
Ventilation of galleries and electrical vaults is needed, but neither
must be pressurized since the handling of hydrocarbon fuels of low
flash point is not foreseen.

- Telephone, communications and training cables will be provided.

- The facilities being considered in this contract are for use within the
continental United States. Therefore, freeze protection should be con-
sidered with regard to the northerly limits of the U.S., similarly, tro-
pical conditions beyond the southerly limits of the U.S. need not be
considered.

Cost estimating data as referred to in the scope of work refers to only
those unusual situations where tynical A-E designers may require guidance
for items beyond their normal estimating practices.

NCEL provided BARDI with one copy of Electrical Engineering-Electrical
Utilization Systems Design Manual-4.4.
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DM 25 is not published as 
yet.

Manuals (DM 3, 4, etc.) may be obtained from:

Mr. Robert Carlton
NAVFAC Headquarters
Arlington, VA

Received copies of "Proceeding of the Workshop on Pier Design for the
Fleets of the 1990's and beyond", hosted by NCEL at Port Hueneme 22-26
February, 1981.

BARDI reviewed the set of construction drawings for Pier 2, Naval Sta-
tion, San Diego, CA. prepared by Ferver Engineering Co., and selected
certain drawings they desired a print of.

BARDI stated their intention to take light level readings on one or more
piers during the site visit at San Diego Naval Station.

Monthly project reports should be sent to the officer in charge of
Contracts as identified in the contract.

No special invoicing forms are required. The invoice should include
the contract number (N62474-82-C-8303), the date of invoice, BARDI in-
voice number, amount of billing, and task number identification. It
should be mailed to the contracts officer as indicated in the contract,
attention code L23.

Recorded by: John F. Ha;mier

Brown & Root Development Inc.

October 22, 1982



ON-SITE OBSERVATIONS

AT NAVAL STATION_,_ SAN D IEGO, CALIFORNIA

Recorded by: John F. Hamer

Recorded: October 22, Iq82

Project: Engineering Services for Navy Pier Facilities
and Related Tasks

U.S.N. Contract No.: N62474-82-C-8303

BARDI Project No.: XF-0025

Place: U.S. Naval Station
San Diego, CA

Date: October 13-14, 19,02

Purpose: To perform on-site observations of utility systeiims,
vessel connections, and lightina fixtures and illu-
mination levels.

Attendees: Chief Potty Officer-Tyson - Staff Civil Enqineerinn

Duano Pavis - N.C.E.L. - Part Time

JJohn Hairer - BARPI
(2,car LaCour -

John Pratt "
Joseph Adkins -

The following is a list of some of the on-site observations made during tour
of ii ,t San Diego Naval Station, San Diego, California.
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- During the two days of the on-site observations at the Naval Station,
San Diego, piers 2, 3, 5, 7 and 8 were visited. Berthing operational
procedures were observed, utility runs in tunnels observed, an under-
pier transformer vault was entered, utility connection/disconnection
operations witnessed, and a ship departure and berthing operation wit-
nessed.

- The following was observed concernino the cables carryinq power from
the pier to the ships:

The complete cable used to connect the ship's shore power
panel to the pier panel is made up of two parts. One part
has a receptacle on one end which connects to the pier
panel and has pig tail connections on the other end. The
second part of the cable has a receptacle on one end which
connects to the ship's panel and pig tail connections on
the other end. The pig tail connections of each part are
bolted together to form a complete cable.

Excess lengths of cables supplying power to moored ships
as well as unused cables were left lying alongside the
edges of the pier.

Cables were manually hauled up the sides of the ships with
lines, sometimes over life lines, to the shipboard shore
power box.

The following was observe concerning hoses supplying mechanical services
from the pier to ships:

Collapsible hose was used exclusively for potable water,
salt water and sewage services for the ships moored along-
side the piers. For storage, each line was flattened and
rolled into coils. And tied off for easier handling.

There were no fueling facilities on or under any of the
piers toured.

The following was observed concerning the utility installations on the
piers:

On pier 2, steel nipe, and not Asbestos Cement was used
for the fresh water service.

On pier 2, no slope was observed on sanitary sewage gravity
drain in section of pier inspected.

Unidentified and unconnected 12"0 Class 250 flanoed line
in tunnel on pier 2. Covers cast in concrete for future
connection. Contract drawings for the services prepared
by Ferver Engineering Co., indicate it to be a ships waste
water line (usused), but no slope is indicated for gravity
drainage.

L ...k... .
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All piping observed on Piers 2 and 7, except for sewage,
appeared to be looped.

Steam Lines outside of curb and bollards, but inside of
fendering on both 2 and 7.

The following was observed concerning transformers:

The transformer vault below the deck of pier No. 2 is
approximately 90' long, 27' wide and 17' high and con-
tains the following items:

- Two 5250 KVA, 12 KV/.48 KV transformers
- 12 KV switches, one per transformer
- 480 V, 8000 amp bus duct, two per transformer
- Vault sump pumps
- Ventilation fans - intake and exhaust
- Batteries
- Breaker panels

Skid mounted load center found on pier 8 were approxi-
mately 37' long, 10' wide and 14' high and contained the
following items:

- One 5250 KVA, 12 KV/.48 KV transformer
- One non-walkin 480 V switchqear with 20 current

limiting fuse protected circuit breakers.
- Twenty integral deck mounted receotacles.

The, following was observed concerning pier illumination:

On the night of October 14, 1982, observations of the il-
lumination levels on the piers were made. The sole source
of permanent lighting on all of the piers was by shaded
curb lights located at approximately 50 foot intervals
along both sides of the piers. Additional temporary light-
ing was provided by ships moored alongside the piers with
shipboard lights located approximately 20 to 40 feet above
the pier deck. The light pattern from the shipbord lights
was random, providing several relatively brighter and darker
areas. The light pattern from the curb fixtures formed a
small fan shaped configuration.

Illumination levels were measured on piers 2 and 3, usinq
a WESTON PHOTRONIC model G 19 light meter calibrated for
direct reading in foot-candles, and corrected for cosine
response. Readings made of the curb liqhtin on pier 2
ranged from 50-60 foot candles within 6 inches of the source,
and fell off to 10-20 foot-candles within two feet. At
five feet from the source, no reading was detectable. On
pier 3, curb light readinos ranged from 20-30 foot-candles
at 6 inches, fell off to 10 foot-candles at two feet, and
again, no discernable reading at five feet.
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The temporary lighting mounted aboard ship provided a
level which measured less than 5 foot-candles at the
brightest spots along the piers.

Gangways were lighted with self contained rows of small
I amps.

Both pier and ship light sources were incandescent lamps
which rendered a light spectrum of good color quality.

The night the observations were made, the weather condi-
tions were ideals the sky was clear and the temperature
approximately 70 F. The pier was generally free of sur-
tfce obstructions, however, where obstructions did exist
they were marginally illuminated so as not to be a trip
hazard to pedestrain traffic. Under adve,-se weather ele-
ments such as rain, snow, fog and icing, a modest lightinq
system such as seen might be rendered to he below safe
light levels.

All of the piers on the station were observed and all
were found to have illuminatior, levels essentially the
same as piers ' and 3.

Toe support ;)rovi od by Mr. Duane Davis of NCEL and by Chief Tyson of the
Naval Station to BARDI porsonnel durino the two days ,rend tourino the
piers at San Diego Naval Station was outstanding and very much aprirociateo.



M IN U-T.ES CIF M E-ETIN G

Recorded by: John F. Hai!er

Recordeo. October 22, 192I?

Project: Englineering Services for Navy
Pier Facilities and Related Tasks

U.S.N. Contract No.: N62474-8?-C-PI303

BARDI Project No.: XF-0025

Place: U.S. Naval tation
San Dieglo, CA
Publ ic Works Of f ice

Date: October 14, 1982

T ime: 9:00 a.m. - 10:00 a.m.

Purpose: Information Gathering

Attendees: (". E. Davis - IJ.S.N. Public Works

Duane Davis - N.C..E.L.

John Hamer - RARD!
Oscar LaCour -

John Pratt -

Joseph Adkins -

The following is our understanding of the sinificant point,,, (olwilents ond

statements made during the meeting.
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Mr. Davis would not put a mechanical system under the pier or below
water level.

Mr. Davis also would not put the steam system below deck.

Fresh water is tied into ships system for direct usage. It is not
used for boiler makeup; it may be that a later requirement would be
for a demineralizer.

Salt water pipe pressure has been a problem. Regulators were tried
unsuccessfully, then bleeds, then variable speed Salt Water Pumes,
none of which have been too satisfactory. They feel the latter,
which is still being tested, is most promising of the 3.

Steam is provided at 150 PSIG. It was necessary to regulate to 90
PSIG at one time, but the ship's piping design was upgraded to 150
PSIG.

Compressed air is provided at 100 PSIG.

,-Hers I and 2 sewagL is qravity drain to shore. Piers 3, 4, 5, 6
and ( are gravity drain to lift stations on pier. Pier 7, the newest
ard --till under construction, is cravity drain back to the city lift
station which is at a low elevation.

- wdoe collection should probably be by gravity to several smail
holdinq tanks ,ilnn the nier, from which ejectors nr pumps trans-
iort it throuqh pressure lines to thnr Naval lase's qravity coll:c-
tion system.

Check valves at shi['s sewaae nump discharge adenuately I)revent
over-pressurinq of one ship' system when another ship is pu',pinq
out.

Slope required on gravity drain of sewaqe is similar to house
plumbinq requirements.

No oily waste removal is pr,)vided for. ilge water removal is cro-
vided for at North Island, and will be required at subrarine piers
in the future.

Asbestos Cement Pipinq is used for fresh water.

Wrapped steel iipino is used for comoressod air.

Steam pipinq is steel, insulated, and jacketed, with a Gap inside
the outer jacket.

Cast Iron Piping is used for Sewagle.

Non-collapsinq hose for sewage services is difficult to handle.
It was tried and discontinued.
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The use of San Diego Naval Station's berthing facilities for ship
repair activities has been steadily increasinq over the years,
conversely the number of ships requiring just hotel services is
decreasing.

The electrical load requirement of the ships berthed at the Naval
Station piers has been steadily increasinq whereas the other utility
services required by the ships have chanqed very little.

Contractors' use of the pier dock space has generally usurped tile
space available for other purpose.

On pier parking is a continuinq problem.

The ideal pier width would be 100' if access was properly controlled
and no personnel parking allowed on the pier.

Only compressed air, steam, salt water, potable water and sewage
mechanical services are provided.

if fuel is required. a fuel barge is brouqht around.

Fuel loading arms have been used elsewhere, ie. Hawaii, onnoc tirut,
etc. but not in San Diego, CA.

Piers 6 and 8 have shallow utility tunnels , with stea:I li, r i, (4
in the tunnels, which have brouqht on conden, ation, r('m it , .t
and the need to shut the steam system down in erdo,, to '(t :wnrIt,, in
the tunnel to make other renairs.

Steam linos in galleries have proved in cgeneral to P a ;.t bl' r
maintenance openrations . After various al ternat ives o- tvr rid , a1
standard was developed in which the steam line is 1 oatod just in-
board of the fender whaler on a recessed con( rote shel raje, in e
just outside the curb line.

Piers 2 and 7 are the newest piers on the base- Pier 2 is an imnrovfe-
ment in design. Both have underwater electrical vaults, the lower
portion of which is below water- level.

Steam Lines were located outside of the curb and bollards, but inside
of the fendering on both Piers 7 and 2.

Pier ? uses a reserved "corridor" along each side of the pier deck
for utility services arid lay down of utility lines and cables. Lay
down of other than utility items is also frequently experienced,
within this "restricted" corridor. This corridor also requires a
crane with a longer reach to access berthed vessels.

l he standard length of the electrical cables used for ship to shore
connectors is 125 feet.
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The cable designation is 3/C - 500 MCM Copper, rated at 400 Amperes.

Bolted connections are used, being favored over plugs and receptacles,
which have proved to be troublesome.

Ship personnel haul the cable aboard the vessels, but base personnel
makeup the cables and energize the service.

-When more power is required than the pier transformers can supply,

additional portable load centers are towed to site and utilized.

Power is not metered at each load center.

Individual ship requirements are not metered.

Cables not in use, or planned for early re-use are not stored on the
piers, rather they are transported to store houses in the back area
of the base.

Mr. 1). E. Davis stated that when top side pier tasks are performed
after dusk which require a higher light level than is normal on a
pier, temporary lighting fixtures are supplied by the Naval Base and
riqged to yield a temporary lighting system adequate for the task.

4



MINLITES OF MEETING

PLACE: 1750 Townhurst, Houston, Texas

PURPOSE: Discuss Cable Reels

DATE: December 1, 19,2

ATTENDEES: J.R. Woodruff - Owner Woodruff Co.
Palmer - Woodruff Salesman

R. J. Caesar - Vice President-Marketino
Gleason Reel Co.

R. A. Hurst - Western Regional Manager
Gleason Reel Co.

0. 0. LaCour - Brown & Root, Inc.

Discussion revolved around two points, i.e.,

1. 125' long - 3/C - 500 TMO - 600 Volt rated cable - type THDR-500
terminated with 9' diameter plugs-both end and

2. Cable reel of these approximate dimensions - drurm 42" diameter -

long - flange 60" diameter - powered with break to accommodate a
nini:u'u of 5 cables as described in (I) above

A) This reel has probably never been built.

EB All the know;, required reel/break/power drive features have been
enqineered/built Previously but not as a unit having these dimen-
sions.

C) There is no reason to presume that such a reel in the service as
described would encounter serious problems.

D) The 60" diameter reel flange may be a little shy to accommodate
625' or cable with plugs.

E) Reel must be powered for reeling and unreeling.

F) A clutch is desirable and perhaps mandatory.

G) Reel must be securely anchored-if it ever became freewheeling it
could and would be dangerous.

H) Rollers are probably necessary for laying the cable up on the
drum.

I) Partition flanges segregating the 60" long spool would aid in re-
eling the cable lengths.

J) The assumed area of potential problems and/or unknowns is the im-
pact arising from the cable plugs. The cable will reel very ir-
regularly on the drum resulting in poor reel volume utilization.
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K) It is possible that consideration may wish to be given to a single
reel power drive arranged to drive multiple reels.

L) For reels to perform at their best the cable or rope to be reeled
and unreeled must be controlled by restraints which maintain a
tension on the cable. Slack on the cable will result in the equiv-
alent of "back cash". Also the cable will lay up on the drum in a
random lay with many crossovers.

M) Cable kinking is not likely to be a problem because the cable is
short in length and the cable laid out and free to recieve stresses
developed in the cable due to previous reelinq/unreeling.

N) No one present had any knowledge of the reels now in service aboard

destroyer tender vessels. Mr. Hurst agreed to look into the matter.




